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ANCIENT AND MODERN OBSERVATORIES.* 


WINSLOW UPTON. 





The building of an Astronomical Observatory naturally 
suggests many queries relative toits construction and equip- 
ment, and the work to be carried on within its walls. The 
peculiar form of the structure with its revolving dome, and 
its strange instrumental equipment distinguishes it from the 
ordinary buildings about us. But the Observatory of to- 
day is not the creature of modern times. It is a child whose 
ancestry reaches back to the earliest days, just as the science 
to which it belongs had its beginning long before history be- 
gan to be written. The fragmentary records of the very 
earliest history contain snatches of astronomical observa- 
tions, from which we can learn something of the science as 
then understood, and how it was studied by primitive as- 
tronomers. 

Modern Astronomy is the lineal descendent of the Chal- 
dean Astronomy which flourished before Abraham (who 
was an astronomer, according to Josephus) left Chaldea for 
the land of Canaan. It uses to-day many of the symbols 
and the arbitary conventions of that time, such as the divi- 
sion of the circle into degrees with 60 as the unit for subdi- 
visions, the signs of the Zodiac, the division of the year into 
twelve months, with the subdivision of the month into the 
week of seven days. 

Primitive Astronomy was at first observational. The as- 
tronomer, without instruments, simply noted the varying 
positions of the heavenly bodies, and pondered upon their 
explanation. Then a few simple instruments were invented 


* Address at the presentation of the Ladd Observatory to Brown Uni- 
versity. 
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and their installation upon the ground or upon some build- 
ing formed the first equipped Observatory. The aim of the 
science was two-fold; to study the movements of the heav- 
enly bodies in order to understand and account for them, 
and to study them in order to determine their influence 
upon human welfare. Astrology and astronomy were one, 
the former furnishing a large part of the incentive for as- 
tronomical labors, and though the ties binding them were 
gradually loosened with advancing years, their divorce was 
not accomplished until the 17th century of our era. Kepler 
and Tycho Brahe were both astrologers and astronomers. 
The motive for study supplied by the attempt to foretell hu- 
man destiny by the configurations and movements of the 
heavenly bodies, was very much like that furnished by the 
working hypotheses of modern science, and was productive 
of valuable records by which the true science of Astronomy 
was advanced. 

Many of the early Assyrian cities had watch-towers from 
which the heavens could be scanned, and these were the 
primitive observatories. If we assume, as,is done by many 
scholars, that these towers were often identical with the 
tower temples of these cities, we may picture to ourselves 
the appearance of a Chaldean Observatory. 

Herodotus, describing the temple of Bel at Babylon, as 
quoted by Perrot and Chipiez, says: ‘‘In the middle of the 
precinct there was a tower of solid masonry, a furlong in 
length and breadth, upon which was raised a second tower, 
and on that a third, and so on up to eight. The ascent to 
' the top is on the outside, by a path which winds round all 
the tower.” [I. p. 369]. 

The remains of a tower recently excavated near the ruins 
of Nineveh, and called the ‘‘ Khorsabad Observatory, ”’ indi- 
cate asolid tower built of sun dried brick which consisted 
of seven square towers one above the other, each smaller 
than the one beneath. It was about 140 feet square at the 
base and 140 feet high and was ascended by an inclined 
plane running around the sides of the tower. On its sum- 
mit was probably a temple, for the prime object of the 
structure was religious, and here too, may have been made 
some of those observations whose records have been deci- 
phered upon the tablets constituting the royal libraries. 
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As an illustration of these records, I quote the following, 
kindly translated from the tablets in the British Museum by 
Rev.fR. H. Ferguson, a graduate of our University: 

‘‘The sixth day of Nisan. The day and the night were 
equal. Six kasbu to the day. Six kasbu to the night. 
May Nebo and Merodack unto the king my lord be propi- 
tious.”’ 

‘‘On the twenty-ninth day watch we kept. The Observa- 
tory was filled with cloud. The moon we did not see.” 

The instruments of this time were of two kinds: The 
gnomon or simple pillar whose shadow cast by the sun gave 
by its direction and length an indication of the sun’s place in 
the sky, and various combinations of arcs of circles with 
‘sights’? upon them so that angular distances could be 
measured. The obelisk and the armillary sphere were the 
successors of these early instruments in the medizval period. 
In modern times the clock and the transit instrument take 
the place of the gnomon, the arcs of circles are still used, but 
the telescope is attached to them instead of the simple 
‘‘sights’’ which they carried. 

Such was the patriarchal Observatory of 4,000 years ago. 
Should it look to-day upon the adjoining building it might 
not at first recognize its offspring, but it would do so at 
very short acquaintance, and would greet the newborn babe 
with paternal affection. 

As the centuries advanced, the aim of astronomical science 
was quite single, and the pursuit of the science was almost 
wholly dominated by it. This was to discover what were 
the true movements of the heavenly bodies, as deduced from 
the rather complicated movements seen by us. The obser- 
vatories devoted their energies to noting the positions of: 
the heavenly bodies, using instruments similar to those 
described, and the astronomers tried to represent these dif- 
ferent positions in asystem. Their efforts were wonderfully 
successful, and the old Ptolemaic system was able to ac- 
count for all the planetary movements in spite of its two 
assumptions that the earth was at the centre of the system, 
and that all the planets must move in circles (not ellipses) 
about it and with uniform velocity. When doubt was 
thrown upon the truth of this system, which had become 
more complicated as observations became more refined, and 
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when new theories were advanced to form bases for new 
systems, the question was settled by the observations of the 
Danish astronomer, Tycho Brahe, which were discussed by 
the great master Kepler, and from them, the true system | 
discovered. The Observatory of Tycho Brahe deserves more 
than passing mention because of its historical importance 
in this respect, and because it was the best as well as the 
last of the medieval observatories, which were equipped be- 
fore the telescope was invented. 

It was erected on the little island of Hveen, 14 miles north 
of Copenhagen, and was a very curious structure probably 
built of brick with sandstone ornaments. 

It would be difficult to describe it without a drawing, but 
it may be roughly imagined as a square house 2% stories 
high, flanked on all four sides by towers which did not rise 
to the height of the house, and surmounted by a pavilion 
having a dome, above which wasa spire and vane. The 
towers on the east and west walls were small, and attached 
to the house like bay windows with ornamental spires for 
roof, but the two towers on the north and south were cir- 
cular and covered each with a pyramid for a roof, whose tri- 
angular faces were removed when observations were made. 
There were two smaller towers beyond these and two 
others upon the roof of the main building with domes for 
roofs flanking the large pavilion. Galleries were built 
about each tower, so that the whole structure was very 
unique in outward appearance. Within were rooms for the 
residence of the astronomer and his family, for students and 
observers, besides a library and chemical laboratory. Of 
the nine towers or domes, the four on the north and south 
contained the chief instruments. 

The instruments of the Observatory consisted of various 
combinations of circles or arcs of circles, and of triangles 
for measuring angles, for the sole work of the Observatory 
was the locating of the position of the heavenly bodies in 
the sky as accurately as possible. The largest instrument 
was a great quadrant,—a large brass arc of about 7 feet 
radius fastened to the wall of a room. The center of the 
are was marked by a hole in the wall running at right an- 
gles with that to which the are was fastened and two move- 
able sights could be made to slide on the arc. The observer 
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looked through one of the sights on the are through the 
hole at the center of the arc to the star beyond, and noted 
the reading on the graduated arc. 

Another instrument consisted of ‘‘a vertical semi-circle, 
(8 feet in diameter) turning round a vertical axis and fur- 
nished with a horizontal circle for measuring azimuths.” 
Another instrument was a huge sextant of 5% feet radius 
mounted on a stand. Another, the armillary sphere, con- 
sisted of two circles of steel inclined to each other at the 
proper angles to represent the celestial equator, and the 
meridian, while a third circle moved upon the axis of the 
celestial equator, thus representing the various hour circles 
of the celestial sphere. There were several instruments of 
these and other types, and in them are the germs of the dif- 
ferent methods now in use for mounting telescopes. Ty- 
cho’s instruments were made in his own workshop and 
their special merit consisted in peculiar devices for reading 
the angles as well as in superior workmanship, so that his 
observations, which were continued for twenty years, far 
excelled any which preceded in accuracy. In his library he 
placed an immense globe, five feet in diameter, upon which 
he marked the stars in their true positions as fast as he de- 
termined them, and after twenty-five years his globe was 
completed. He also constructed a second Observatory, the 
rooms of which were under ground, with only the roofs 
above the surface, in order that the instruments and observ- 
ers might be protected from the wind. (See Dreyer’s Tycho 
Brahe). 

Tycho’s observations were the crowning work of the 
whole era of astronomy. By their aid, Kepler, in the fol- 
lowing century, finally overthrew the old system of Astron- 
omy and led the way for the establishment of the new sys- 
tem upon the theory of Gravitation at the hands of Sir 
Isaac Newton. . 

At the same time the telescope was invented, and the 
modern Observatory came into being. The invention of the 
telescope caused a reconstruction of the old instruments, 
and made it possible to make observations of the positions 
of the stars and planets with greatly increased accuracy. 
It also opened the new field of Descriptive Astronomy. It 
showed at the very first that the sun has spots, that Venus 
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passes through the same phases that our moon does, that 
the dark and light spots on the moon indicate level plains 
and craters, that Jupiter has four satellites, that Saturn has 
rings,—in short, it made a new branch of the study, the ex- 
amination of the appearance of the heavenly bodies. This 
study was pursued with ever increasing skill as telescopes 
were enlarged and improved. Less than a generation ago 
the invention of a new instrument, the spectroscope, made 
an additional extension of astronomy, and now the heav- 
enly bodies are studied with a view to finding out their 
constitution and present physical condition as well as their 
movements. Other physical instruments, such as light meas- 
urers, and heat measurers have been added, and finally the 
camera with the extra-sensitive plates of modern photog- 
raphy, has furnished a wonderful increase in the facilities at 
the service of the astronomer. 

The modern Observatory cannot be described by a single 
example. The aim of the science is no longer single; as its 
resources have increased, so have its aims, and now its pro- 
fessed desire is to learn all that can be learned of the won- 
derful universe whose foundations were laid when only the 
eye of the omnipotent Creator beheld them. 

No single Observatory pretends to devote its energies to 
all the branches of astronomy, and we must know the pur- 
pose for which the institution is designed if we would 
properly understand its equipment. Some Observatories, 
like the government Observatories at Washington and 
Greenwich, devote the larger part of their energies to ob- 
serving the positions of the heavenly bodies, calculating star 
places, computing orbits and similar work,—which is the 
modern phase of the old Astronomy. Others cultivate es- 
pecially the newer fields which the introduction of the 
methods of the physical laboratory have opened, as the 
Observatory at Harvard College, one of the best equipped 
in this country. Very many have no single aim, but pursue 
a variety of subjects as occasion may suggest. Then not all 

the observatories are devoted to research; some are designed 
for instruction, some for recreation. Indeed it would be 
possible to arrange the observatories of the world roughly 
into three or four classes: Those for research alone, those 
for instruction, those which combine instruction and re- 
search and those which are used for entertainment chiefly. 
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In the first class come those which have independent en- 
dowments or are supported by government grants, like the 
Imperial Observatory at Pulkowa, Prussia, the Lick Obser- 
vatory and those already named. Their equipment varies 
with the nature of the investigations they are carrying on, 
but all have telescopes of large size with other instruments 
for special work. 

In the second class are found those Observatories which 
are attached to Colleges or Universities. Not as distinct 
departments for research (as is the case with the Harvard 
and the Lick Observatories), but to aid in the astronomical 
instruction. The undergraduate instruction in astronomy 
in our colleges has materially changed in recent years. For- 
merly attention was bestowed almost exclusively upon the 
mathematical side of the science. Now a general course in 
astronomy is given, and technical courses follow for the 
relatively small number who wish to pursue them. In this 
way the laboratory courses in Physics, Chemistry or Biology 
have a counterpart in the Observatory courses in As- 
tronomy, while graduate instruction of a more advanced 
character is sometimes offered, as at the University of Vir- 
ginia and at Carleton College, Northfield, Minn. 

In the third class may be placed many observatories 
which are in part devoted to instruction, and in part to re- 
search, such as the two observatories last named. The pro- 
portion given to research and to instruction will, of course, 
vary in individual cases, but the best opportunity for ob- 
taining advanced instruction is furnished at those observa- 
tories where regular research is carried on and where the 
special student is also welcomed. 

In the fourth class—those for entertainment—are included 
observatories which do little or no regular work either of 
research or of instruction but are used for the entertainment 
of friends of their owners. This is no unworthy object, and 
no pleasanter evening can be spent than with a telescope 
enjoying the beauties of the universe. Many a professional 
astronomer knows less of the detailed appearance of the 
planets, nebule, clusters, etc., than the owner of some tele- 
scope who amuses himself with examining these objects as 
opportunity offers. The proper attitude of an Observatory 
to the entertainment of visitors is one of the most perplex- 
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ing questions of the administration of such institutions. 
The decision is usually against sucha use of the equipment of 
the Observatory, especially of one whose funds are in trust 
for research, because time devoted to such purpose, while in 
itseléperfectly laudable, is time taken from the work of the 
institution hour for hour, and occasions direct loss. Several 
attempts have recently been made to establish observatories 
for the express purpose of instructing and entertaining visit- 
ors. Such an institution exists in Berlin where regular 
courses of lectures are given and where the chief purpose is 
to edify those who wish to learn something of astronomy. 
A similar Observatory has been established in California, 
the Chabot Observatory at Oakland, where entertainment 
and instruction are placed at the disposal of the general 
public. Such institutions would be very valuable adjuncts 
to the courses in a University extension system. If estab- 
lished adjacent to some regularly equipped Observatory the 
two together would unite in serving the science of astron- 
omy, the University and the community in a very practical 
and efficient way. 

The Ladd Observatory belongs to the second or to the 
third of these classes of observatories. It is primarily es- 
tablished and equipped for the students of Brown Univer- 
sity, and its first aim is to furnish instruction in astronomy 
to those students who wish to secure it. The general 
courses in astronomy, taught as heretofore at the college, 
will be illustrated by the resources of the Observatory. 

Technical courses for undergraduates will include the 
theory and use of astronomical instruments and advanced 
courses for graduates will be open to any who wish to 
specialize still further. 

The instruments are examples of the leading instruments 
of the science at the present time. In the circular room 
with the revolving dome is the chief telescope, whose 
optical power and mechanical support are equal to any 
telescope of its size. It is of sufficient power for all pur- 
poses of instruction and is admirably suited to research be- 
sides. It contains the best modern forms of eye-pieces and 
micrometer, has improved attachments for its manipulation 


and is further supplied with one of the best spectroscopes 
ever constructed. 
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The eastern ell of the building contains transit instru- 
ments where time observations may be made for the regu- 
lation of clocks, or latitude determinations secured. Two 
standard clocks are enclosed in the masonry pier which sup- 
ports the telescope; in order to secure freedom from jar and 
also uniformity of temperature. A chronograph, by which 
the observer may record the timeof any occurrence by simply 
pressing a telegraph key, is of special use for refined observa- 
tions. Several chronometers and sextants are used to in- 
struct the student in the astronomical part of navigation, 
while Meteorology is represented by a recording barometer, 
thermometer, hygrometer and rain gauge as well as by the 
ordinary instruments. 

The general plan of the equipment which the generous 
donor has followed has been to secure the best of its kind for 
the purpose at hand. The instruments are adapted to re- 
search as well as instruction, and it is the intention to at- 
tempt scientific work just as far as our resources will allow. 

May this Observatory do its part in diffusing the knowl- 
edge which accumulates from the labors of the astronomer, 


and may it also have some humble part in the development 
of the science. 


NEW BINARY STARS, / 416, SCORPII 185. 


Ss. W. BURNHAM. 


For THE MESSENGER. 

The wide double star, H 4935, was found by Herschel in 
1837 at the Cape of Good Hope, and entered in the cata- 
logue of double stars in the Cape Observations. No dis- 
tance is given and the angle is stated to be estimated from a 
diagram. In 1876, while observing with the 6-inch re- 
fractor, I came across this pair, and at once saw that the 
principal star was also double. At that time it was a very 
easy pair, even at the low altitude of this star in latitude of 
Chicago. It was not measured at this time, but the angle 
and distance were carefully estimated and these estimates 
are of some value in showing the rapid motion which has 
taken place during the last fifteen vears. Two sets of meas- 
ures have been made at this Observatory. It should be 
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remarked concerning my measures given in A. N. 2957 that 
the result is a mean of four nights’ measures. One of these 
measures was made in 1888 and three in 1889. The first 
made the position-angle some 13° more than the last three. 
This difference was assumed to be due to errors of observa- 
tion, and therefore the mean was taken of all the measures. 
It is now evident that this difference was real, and due to 
the rapid change in the relative positions of the stars; and 
that the measures of those years should be given separately. 
The following are all the measures to this time: 


A AND B. 


1876.52 240° + ’.8+ 6.0 
1877.53 222.6 1 .80 7.0 
1877.64 224.4 97 RS 
1888.72 147-5 1 .89 6.0 
1889.47 134.1 I .35 6.4 
1889.63 131.9 0 .97 6 
1891.53 82.3 oO .51 6.9 


Bp In 
Cin In 
Russell In 
p In 

p 3n 
Pollock in 
fp 


3n 


oS 


sons 
Oumno our 


It is obvious from an inspection of these measures, laid 
down on paper to scale, that this change is not the result of 
proper motion; and it is equally certain that it is a binary 
of short period. A period derived from these measures 
would perhaps be too rough for any useful purpose, al- 
though the minimum time could be readily determined by 
the graphical method, but the measures of one year more 
should be sufficient to fix it with reasonable accuracy. The 
distance will probably decrease still further, and it may be 
too difficult for accurate measurements in this latitude. The 
foregoing measures of mine were all made with the 12-inch 
Clark refractor. It was well enough seen this year for good 
measures, but a decrease in the distance of one or two tenths 
of a second would make it a very difficult pair here. It is 
unusual for so wide a pair as this, taking the average dis- 
tance to this time, to have an orbital motion so rapid; and 
it suggests the possibility that this pair may be much nearer 
than most of the pairs having corresponding relative 
motions. 

There seems to be no evidence of change in the place of the 
Herschel star, but the distance is much too large to make it 
probable that any connection exists between this and the 
close pair. The measures are all of very recent date, but we 
have the estimated angle of Herschel which is in close agree- 
ment with the later measures. 
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1837. H In 
1876. p In 
1877.64 32. Russell In 
1889.43 : aa, 10.5 B 3n 
1891.53 3.8 ‘ 12 3 3n 
This star is Scorpii 185 = B. A. C. 5825 = Lacaille 7215. 
The estimates of magnitude cover quite a wide range. In 
B. A. C. it is 6"; Gould 6.1; Washington Catalogue 7.0; 
and Stone (Cape Catalogue) 7.6. 
The place of this star for 1880 is: 
R.A. 17° 10™ 47°\ 
Decl. —34° 51’ 12’’f 
It is very desirable that observers in the southern hemi- 
sphere should follow the close pair, and measure it each year 
if possible. 
Lick OBSERVATORY, Oct. 24, 1891. 





ADDRESS AT THE DEDICATION OF THE LADD OBSERVATORY. 


WILLIAM A. ROGERS. * 

I can rejoice most heartily with all friends of Brown Uni- 
versity upon the addition of a thoroughly equipped Oberva- 
tory to her educational facilities. I have noted with great 
satisfaction the evidences of the skillful and intelligent direc- 
tion of a trained astronomer, not only in the general design 
of the building, but in the special appliances and conven- 
iences which will contribute largely to its usefulness and will 
enable its director to do the greatest amount of the best 
scientific work with the least friction and in the least time. 
Icannot refrain from extending my congratulations to my 
old-time co-worker, Professor Upton, upon the fulfillment of 
long cherished plans. If I may be allowed, I should be glad 
also to express my appreciation of the wise confidence of 
the donor in committing the general design and equipment 
of the building to one who is to be responsible for the work 
to be done here. It is too often the practice to erect and 
equip buildings of this character and then appoint the 
person who is to direct its affairs. All this is reversed here. 


* Professor of Astronomy and Physics, Colby University. 
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I take the greater pleasure in saying this because I am my- 
self the chief beneficiary of a similar gift given under similar 
conditions. When Colonel Shannon gave the funds for the 
erection of an Observatory and physical laboratory at Colby 
University, he said: ‘‘You are supposed to know what 
you need; I hold you responsible for the wisest possible 
disposition of the funds at your command. If the building 
does not meet your needs, you alone must bear the blame.” 
It hardly needs to be added that this broad commission was 
accepted with great promptness and with great thankfulness. 

In a city devoted to the development of a great number 
and variety of industries, it is very natural to ask, what is 
to be the practical outcome of this large expenditure? How 
is the building and the equipment of this Observatory to be 
justified in a practical way? The utilitarian view of a ques- 
tion naturally appeals to us the most strongly. I answer 
then, that the cultivation of the science of astronomy 
cheapens the production of cotton cloth, of woolen goods, 
of calico, of machinery, indeed of every staple product. Do 
you ask how this can be? I answer that one of the ele- 
ments which enter into the cost of production is the cost of 
water transportation. The cost of water transportation de- 
pends on the skillful application of the science of navigation ; 
and navigation is a branch of astronomy. It is true that 
astronomical methods and astronomical tables are now 
adequate to all the demands of the practical navigator, but 
it is not so very long ago that the proportion of the number 
of wrecks to the number of vesssels in the merchant marine 
was largely affected by the rudely approximate data upon 
which the position of a vessel at sea was determined. Con- 
sider a single illustration. It is not difficult to understand 
that the profits of ocean steamship service depend largely 
upon the skill with which the chronometer is handled in the 
determination of longitude. As soon as an ocean steamship 
reaches port, her chronometer is either directly or indirectly 
committed to the charge of an Observatory to have its rate 
determined in preparation for the next voyage. Without 
this previous rating, the skill of the navigator in taking 
sights and in reducing his observations will be of little avail. 

But there is a larger sense in which an active and well con- 
ducted Observatory may be a useful adjunct of commerce, 
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viz.: in shaping and elevating the character of the men who 


follow the sea as a profession. Why should the influence of 


a college be limited to the elevation of men in the three 
learned professions? Why should not the influence of the 
college be felt upon every stratum of society as an uplifting 
and regenerating power? This is exactly what university 
extension is attempting to do. 

This college has honored itself in accepting gifts for the es- 
tablishment of a Grand Army Professorship. I do not 
understand that this has been done as a matter of charity, 
or even as a matter of obligation, great as that obligation 
is. The purpose of this foundation I understand to be to 
educate a generation of men who by manly living shall serve 
their country even better than their fathers did in dying for 
it. 

The Observatory is a distinct help to the college in provid- 
ing facilities for special work on the part of advanced stu- 
dents whose tastes lead them to the pursuit of astronomi- 
cal science. The younger generation of astronomers must 
receive their first inspiration and their initial training from 
this source. Certainly, what may be called the older school 
of astronomy, in which the ability to pursue profound 
mathematical investigations is united with practical experi- 
ence in observations, must receive its recruits from the 
college in which the theoretical and the practical are recog- 
nized as equally important. 

There is yet another view in which a well equipped Ob- 
servatory may stand as a potent factor in scientific work. 
There is a tendency at the present time to insist that what 
is called the scientific method of investigation shall be the 
criterion by which all questions of philosophy and even of 
religion shall be settled. The various schools of the higher 
criticism base their plea for recognition upon this view. It is 
becoming recognized that there are divine laws in the struct- 
ure of society as well asin nature. Sociology is something 
more than political economy. What is meant when it is 
said that the scientific method is alone competent to deal 
with these problems? Astronomy furnishes a complete and 
perfect answer. All astronomical theories are based upon 
observed facts. I well remember the definition of a theory 
which Professor Chase used to give when I was in college. 
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He defined a theory to be a working hypothesis which is 
useful only as an aid to the interpretation of the facts of 
observation. When sufficient facts have been accumulated 
to prove its truth or its falsity, it is no longeratheory. In 
astronomy we have theories which have passed to this sec- 
ond stage and have been transformed into laws of nature. 
Thus the Copernican theory expresses a law of nature as 
definitely determined by observation. We no longer say the 
theory of gravitation, but the law of gravitation. On the 
other hand, the existence of luminiferous ether is still within 
the realm of theory, because observation has not positively 
demonstrated even its reality, to say nothing of its nature. 
The nebular hypcthesis is still a theory, because it is sus- 
tained by only a very few observed phenomena. An astron- 
omer’s first duty is always an appeal to observation. His 
interpretation of the observation may be wrong, but the 
observation will remain. 

I do not remember to have seen a clearer statement of the 
true scientific method than an incidental one by George 
Kennan, in his defence of the method which he employed in 
studying the penal system of Russia. Hesays: ‘All that 
fairness and impartiality require of the investigator in any 
particular field is that he shall set forth conscientiously 
and in due relative proportion, and without prejudice, all 
the significant facts which he has been able to gather in that 
selected field, and then that he shall draw from these col- 
lected facts such conclusions as they may seem to warrant.” 
The sentiment here expres$ed breathes the true scientific 
spirit; and whatever the field of investigation, it is the first 
duty of every man who cultivates exact science, to resist 
every departure from it. This protest is made by an as- 
tronomer by virtue of his profession. 

It is quite true that the nature of the facts sought varies 
with every field of research, and every investigator must in 
fairness recognize this truth. For example, the nature of 
the facts derived from the observations by Wundt and 
Fechner in their experiments upon sensation are radically 
different from those which the astronomer seeks. Especially 
must the nature of the facts sought be clearly defined in the 
application of the principles of criticism to questions of re- 
ligious belief, unless, indeed, we find it better and more safe 
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to agree with Pascal that it has pleased God that the divine 
verities should not enter the heart through the understand- 
ing, but the understanding through the heart. 

"A well equipped Observatory established in connection 
with a college has, at least, two distinct duties to perform. 
It should be an aid to the general course of instruction in 
astronomy, and it should undertake some special investiga- 
tion which gives promise of useful results. It is a common 
impression that nearly all of the great problems of astron- 
omy have been solved, and that the minor ones are hardly 
worth the effort at solution. On the contrary, the demands 
in this direction were never more pressing and the promise 
of useful results was never more assured, especially in the 
related fields of economic research. As a single illustration, 
the development of the laws of climatology and its elevation 
to the position of an exact science would affect the life and 
welfare of every human being in the world. 

But it is not true that all the great problems of astron- 
omy have been solved. We have only taken the first step in 
the solution of the greatest problem of any age concerning 
which our knowledge at the present time is so limited that 
theories concerning it are not much better than guesses. I 
refer to the motion of the solar and the sidereal systems in 
absolute space. The confirmation of mathematical analy- 
sis by observation has reduced the theory of the motion of 
the planets and their satellites around the sun to a degree of 
exactness which leaves little to be desired; but who can say 
with any degree of certainty whether the solar and the si- 
dereal systems are stationary in space, or, if they are mov- 
ing through space, in obedience to what laws this motion 
takes place? 

It is indeed true that the present evidence is fairly conclu- 
sive that we are hastening with amazing velocity towards 
some point near the constellation of Hercules. Granting 
that this is true—is this motion in a right line or in a curve? 
If in a curve, what are its elements? If it is an ellipse, 

: where are its foci and is this movement in obedience to the 

same laws as those by which the planets are carried for- 

ward in their orbits around the sun? 
The first step in the preparation for an answer to these 
questions has been taken in the determination of the exact 
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position of all the stars in the heavens down to a given 
magnitude under the auspices of the German Astronomische 
Gesellschaft. Several of the principal Observatories of the 
world have united upon a common plan formulated by the — 
Gesellschaft in executing this work, and though the work 
was begun nearly a quarter of a century ago, it is not yet 
completed. It may be of interest to state that the northern 
zone undertaken by Harvard College Observatory was be- 
gun twenty-two years ago on the tenth day of November 
next, and that the Introduction to the volume containing 
the results of the observations was sent to the printer only 
a fortnight ago. The southern zone undertaken by Pro- 
fessor Pickering is progressing towards completion. 

I have said that only the first steps towards the solution 
of this great problem has been taken. After a lapse of 50 
or 100 years this work will be repeated, and after the cata- 
logue for that epoch has been constructed, the astronomers 
of another generation will, by the study of these two great 
catalogues, be in a position to give an answer to the ques- 
tion : ‘‘ Whither are we drifting through space, and under the 
operation of what laws does this motion take place?’’ The 
steps taken to solve this great problem furnish, it seems to 
me, a typical illustration of the true scientific method. 

Ido not know what particular problem may be taken up 
by Professor Upton; but whatever the field chosen, what- 
ever the investigation undertaken, I feel sure that this Ob- 
servatory with its magnificent equipment will occupy an 
honorable place in the history of astronomical research. 


THE NEW AURORA-INCLINOMETER.* 


PROFESSOR FRANK H. BIGELOW. 

Magnetic phenomena, in the neighborhood of the surface of 
the earth, derive their complex nature from the superposition 
and interaction of several distinct magnetic fields. Two of 
these have been surely distinguished, and there may be a 
third and perhaps a fourth that yet remain to be separated. 


* [Communicated by permission of the Superintendent of the U.S.C. & 
G. Survey.] 
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The fat is due to the so-called permanent magnetism of the 
earth; the second is generated by the direct radiant energy 
of the sun; the third is theoretically ascribed to the coronal 
action of the sun; the solution of the problem of the rapid 
variations of the needle may lead to the discovery of a 
fourth field. 

It is evident therefore that every resource of science may 
legitimately be invoked to aid in the separation of the ac- 
tion of these fields. Up to the present time the magnetic 
needle has been our chief reliance in this study. There are 
however, very clear reasons for supposing that the auroral 
streamers will add no little evidence to the determination of 
the question; likewise some other common phenomena may 
possibly be called into consideration for the same purpose. 

In this paper it is proposed to describe an apparatus for 
measuring the position of the auroral streamers in space, 
hoping to secure such data as will admit of useful discus- 
sion. The instrument was constructed by the U. S. Coast 
and Geodetic Survey Office, in a very excellent manner, and 
the courteous service thus rendered is heartily appreciated. 

The aurora itself, as is well known, tends to groups of max- 
imum frequency of display around an oval belt, embracing 
the magnetic and the geographical poles, and about the 
plane which passes through the magnetic poles, whose posi- 
tion in space is an hour and a half behind the sun. The 
direction of the rays is said to be parallel to the lines of the 
forces of permanent magnetism. But this should be tested, 


‘because in the same region the forces arising from the ra- 


diant field make generally an angle of say 20° with the first 
field, and taking account of the fact that auroral displays 
and solar outbursts of energy are apparently responsive, 
we may not go far astray in saying that these fields mu- 
tually affect each other, and that, therefore, the aurora 
rays, if not generated by this interaction of two magnetic 
fields, at least may be so modified as to exhibit, upon close 
examination, some variation from either type. Whether 
this idea be wholly true or not, it is worth while to know 
what relation these streamers hold to the lines of magnetic 
force surrounding the earth. No mention is made of the 
influences from the third or fourth fields, because the mode 
of their action is not yet clearly conceived. 
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The Aurora-Inclinometer. 


This apparatus may be described briefly as follows, refer- 
ence being made to the accompanying picture of it. 

It is mounted upon the ordinary tripod of a theodolite, 
4 which is surmounted by a head plate and levelling screws. 
There is a fixed plate and a circle 
divided on silver, an inner circular 
plate revolving on the axis of the 
outer circle, carries the Y pieces to 
which a telescope is usually attached ; 
there are also a tangent slow-motion 
screw in azimuth, two verniers, illum- 
inators and reading glasses. Between ‘iy 
the Ys is a circular level with the nec- 
essary screws for its adjustment. The 
Y caps are for our purpose removed, 
also the telescope from the top of the ‘a 
Ys, and in the place of them is 
screwed the part peculiar to the au- 
rora-inclihometer. 

It consists 
of: 

1. A hori- 
zontal bed 
plate 36 c.m. 
long, 3.7¢.m. 
wide on the 
upper surface 
and 4 m. m. 
thick. It is 
stiffened bya 
thin arch- 
shaped rib, 
like the keel 
of a boat, 
running from 
end to end, 
about 3 ¢.m. 
deep at the 
center, the 
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boundary meeting the platenear its ends. This bed plate has 
ashallow groove along the middle of it leaving two smooth, 
brass tracks on either side, 1 c. m. wide, upon which travels 
a piece of brass 6.5 x 5 X O.8c. m.; this supports the in- 
clinometer itself. On the other end of the bed piece is fixed a 
circular diaphram 2 c. m. in diameter with a hole in the 
center, about the size of the pupil of the eve. The diaphram 
has two motions at right angles to each other, one produced 
by the rotation about its base of the circular standard to 
which it is fixed, and the other on the axis of two opposing 
screws, being thus designed to meet a ray of light from any 
direction without interfering with its direct transmission. 
On the other end the block slides on dovetailed grooves and 
is provided with aclamp. From its inner edge rises a short 
arm 8c. m. high, carrying a small divided circle, 11.5 ¢. m. 
in diameter, having two verniers and glasses, also a fixed 
level. The center of this circle and the centre of the dia- 
phram are on a line parallel to the surface of the bed 
plate, and this forms the base of the triangle which essen- 
tially constitutes the geometry of the apparatus, the ob- 
served point forming the apex, as seen on the vertical scale 
to be described. The length of this base is measured on a 
scale engraved on the bed that lies along the plate, having 
c.m. marks and a vernier for subdividing to millimetres. 
One other part remains to be mentioned. The sliding 
piece carries from the circle on one side two small parallel 
bars, 4 X 3 X 40 m. m., set 11 m. m. apart from each other. 
They are solid at the ends and carry a smooth taut wire 
through the middle of the opening. This wire passes 
through the centre of the circle at right angles to the zero 
line. Hence it may be accurately adjusted to the vertical 
astronomical plane of the station by means of the level. 
The reading being noted any angle made by it with the 
vertical plane can be read on the circle. Along the side of 
one of the parallel bars is a c. m. scale 


along which slide two 
vernier scales with fingers projecting 


across the opening at 


right angles to the thread. They can be run up and down, 
and being placed for example on the upper and the lower ex- 
tremeties of an auroral streamer, they form the altitude of 
the angle, referred to the base line scale, which the measured 
point makes with the horizon. 
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Thus we have the two circles and two linear scales, one of 
each in the horizon and the others in the vertical plane. 
Hence a complete reading on any point gives its location in 
space, except as to its absolute distance from the observer. 


Recapitulation of The Formule. 


[See the American Journal of Science, Vol. XLI, February, 1891.] 


The following formule are required in making the reduc- 
tions: 

Represent by 

O, The center of the earth. 

A, The station of the observer. 

B, The radius of the earth extended through the effective 
magnetic pole to meet the plane tangent to the earth at A. 

C, The point in the plane of the horizon from which the 
auroral ray springs. 

r= the radius of the earth. 

u = the angle AOB. 

w = the angle AOC. 

S'= the angle BOC. 

46 >c¢, 426=—b, BC =a, OB=c, OC =8. 

Then 


AB —=rtan ac. AC=>rtanw=b. 
OB=rsec u =". OC=>rsecw=b'=r. 
1%(C + B) = 90 — we 
tan 44(C — B) tan 4%(C + B). 


7 3 

ee cme : tanl23' = pas b’)(s —¢ : ), 
sin(A + B) s(s — a) 

2 cot 3'=cot /. 

S sin J] sin(A + B) = JA, (measured azimuth). 

Scos lcos w = 4h, (measured altitude). 


J 
tan /sin(A+ B) sec w= JA 


Sh 
ot ow’. 
N= 
3N 
n29 -: 
sin oe 


r'—rcos(S' — $) = height of C above the ground. 
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JA should be corrected by the quantity 
+ Ssin /cos(A + B) tana, 
and Jh by the quantity 
— Scos /sin w tan h, 
to reduce them to projection on a plane perpendicular to the 
line AC, as seen by an observerat A. 

JA is properly b tan «, and 

th is properly b tan h, where 

« and fare the differences in azimuth and altitude respec- 
tively of a point on the ray and the base of the ray at the 
plane of the horizon. 

Method of Taking the Observations. 

1. Set up the tripod and level the azimuth circle. Adjust 
the vertical circle by sighting the inclinometer wire on a 
plumb line and reading for the index error. 

2. The geographical meridian of the station being known 
aud the direction of the magnetic meridian, or the mean 
decl‘nation of the magnetic needle east or west, the azimuth 
readings of each of these meridians are taken. Also give 
the longitude and latitude of the station. 

3. The auroral streamers present many appearances; 
some being fairly steady, and some vibrating. In all cases 
at a given point in the heavens there are direction lines, 
more or less sharp, which radiate through the light spaces. 
It is only necessary to get this direction, and not important 
to measure any one individual ray. The simplest plan is to 
set the inclinometer approximately at the proper vertical 
angle, then watch the transits of the auroral lines across 
the wire. By adjustment they can be made to pass parallel 
to the wire, and that is the observation. At the same time 
set the upper and the lower index finger to the top and bot- 
tom respectively of the rays as they appear to the observer. 

4. Read the horizontal scale to millimeters; the linear 
scale on the inclinometer for the upper and the lower index; 
the az'muth circle; and the vertical circle. 

5. Ona given evening of observation it is important to 
take inclinations from the middle of the arch in both direc- 
tions in azimuth towards the ends at various well distrib- 
uted positions. Those rays which are most inclined will 
furnish the most valuable data, but all available inclina- 
tions should be included in the observations. 
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6. The meteorological conditions must be noted, the bar- 
ometer, the thermometers wet and dry, the direction and 
force of the wind, the condition of the sky and the appear- 
ance of the stars. A clear and precise description of the 
aurora at the time of the observation should be given. 

7. The local mean time of all the observations within the 
nearest minute is desired. 

Observers not having a regular inclinometer with them, 
can yet obtain observations by means of a plumb line and 
inclined rod, which with some care may be made sufficiently 
accurate to be valuable. 


THE LADD OBSERVATORY. 


WINSLOW UPTON.* 
For THE MESSENGER. 

The,Ladd Observatory was formally presented to Brown 
University by the donor, His Excellency Governor Herbert 
W. Ladd, of Rhode Island, on October twenty-first. The 
purpose of the generous donor to make this gift was first 
announced two years ago, soon after his inauguration as 
Governor. For some time, it had been his intention to 
make some contribution to the resources of the college, and 
it took the form of an Observatory, in accordance with the 
suggestion of President Robinson at the Commencement in 
1889. Governor Ladd did not give a definite sum but 
promised to build and equip the Observatory and present it, 
when completed, to the University. The equipment was to 
cost $10,000, and the building $10,000, or as much more as 
the donor might determine. A more elaborate building was 
decided upon than at first intended, so that the whole gift 
of building and equipment cost nearly $30,000. 

The illustration shows the building as seen from the 
south-west. It is situated on the summit of a hill ina 
sparsely settled part of the city of Providence, and is 200 
feet above sea level. It is one mile north of the other col- 
lege buildings. The building is constructed of brick with 
stone trimmings, except the ell for the transit instruments, 


* Professor ot Astronomy, Brown University. 
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which is of wood. The tower is octagonal up to the second 
floor, and cylindrical from that floor to the revolving dome. 
The following dimensions may be of interest: Main part of 
building, 43’ X 27’; transit ell, 25’ X 15’, with piers for 
two transits; equatorial room—inside diameter 20’, height 
to base of dome, 10’. The front entrance is on the west, 
and opens into the octagonal tower which is largely occu- 
pied by the masonry pier supporting the equatorial. The 
central part of the main building is a broad corridor run- 
ning to the transit ell, which is separated from it by a small 
hall containing two side entrances. On the south of the 
corridor is one large room for the library, and on the north, 
a smaller room for a study and computing room. The re- 
maining part of the main building is taken up by the stair- 
way to the equatorial room and a small room for the jani- 
tor. There is a half story above the main building which is 
available for storage purposes. The roof is flat and sur- 
rounded by a railing; a balcony extends around the equa- 
torial room. The revolving dome is made of copper and 
has a slit covered by two shutters which move sideways in 
either direction giving an opening of four feet. It was 
made by the Providence Architectural Iron Works. The 
running gear is a live ring, something after the Grubb pat- 
tern with conical rollers, and the dome is turned by a rope 
which hangs from a wheel attached to the moveable dome, 
and geared to the track on the wall of the building. By 
this arrangement (which is found in a few other domes) the 
fixed windlass is done away with, and the person who turns 
the dome is always behind the opening and thus knows 
when to stop turning. The equatorial pier is of brick with 
granite capstone, and is sunk four feet below the surface. 
It rests upon a thick bed of concrete and is packed with 
sand on the sides. The building is warmed by the Gurney 
hot-water system which secures equability of temperature. 
The chief instrument of the Observatory is an equatorial 
telescope of 12.2 inches aperture and 15 feet focal length- 
The instrument was made by G. N. Saegmuller, the objective 
constructed by J. A. Brashear. It is one of three recently 
made by Mr. Brashear from the formule of Professor C. S- 
Hastings,—the crown glass by Mantois, and the flint from 
the optical works at Jena, Germany; the others are the 
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16-inch of the Goodsell Observatory, at Northfield, Minn.» 
and the 12-inch of the Kenwood Physical Observatory, at 
Chicago. The mounting possesses several noteworthy char- 
acteristics: the pillar is of iron and cylindrical; upon it isa 
cubical box of iron containing the driving clock which is 
controlled by the Young governor. The pillar rests upon a 
tripod which may be adjusted for altitude and azimuth. 
The tripod bolts extend downward into the masonry pillar 
for six feet and are firmly embedded in it. There are three 
pairs of setting circles ;—(1) the usual finely graduated cir- 
cles which are read by microscopes, the declination circle 
from the eye end, the hour circle from the pillar; (2) 
coarsely graduated circles, the one on the polar axis, the 
other on the edge of the 500-lb. counterpoise weight on the 
declination; (%) Saegmuller’s finding circles, which are at 
the eye-end and operated by rods and gearing running 
through the tube to the axes. The illumination is by one- 
candle electric lights. The pillar micrometer and eyepieces 
are also by Saegmuller, the helioscope by Brashear. 

The spectroscope is of especial excellence and was made by 
Brashear. It is supplied with both prism and grating, com- 
parison and reversion apparatus and camera attachment. 

The clock room is a chamber in the equatorial pier, and 
contains a Howard sideral clock and a Molyneux meantime 
clock. 

The other instruments are a 3-inch portable transit, by 
Saegmuller; a smaller transit for students’ use; a chrono- 
graph, by Warner & Swasey; several chronometers and sex- 
tants, a barograph, thermograph and recording hygrometer . 
by Richard Fréres; a recording rain and snow gauge, by 
Ferguson, and ordinary meteorological instruments. 

The Observatory is designed primarily for the instruction 
of students and also for research. The equipment has been 
planned for a possible extension of the latter as the resources 
of the Observatory may allow. 

The exercises attending the presentation were held in a 
tent adjoining the Observatory. The Chancellor of the Uni- 
versity, Colonel William Goddard, presided and made brief 
introductory remarks. Governor Ladd then read a brief 
address, speaking of the circumstances attending the mak- 
ing of the gift, his growing interest in the Observatory as it 
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has neared its completion, and his satisfaction in its plan 
and equipment. President Andrews received the keys of the 
building and accepted the gift in behalf of the corporation of 
the University. He referred in his address to the good 
which such an institution would do, not only to the college, 
but to the community, and to the example thus furnished of 
a noble gift for educational and scientific purposes. The 
Director of the Observatory, then read a paper upon Ancient 
and Modern Observatories, describing especially the early 
Chaldean Observatory, the Observatory of Tycho Brahe, 
and showing the changes in the aim of the science of Astron- 
omy as well as in its facilities for research in modern times. 

Congratulatory addresses followed from Professor E. C. 
Pickering of the Observatory of Harvard College, Professor 
William A. Rogers of Colby University; Professor C. S. 
Hastings of Yale University, and Mr. J. A. Brashear of 
Pittsburg. Professor Pickering referred especially to the ex- 
cellent work done at American observatories, comparing in 
quality with that of European institutions. Professor Wil- 
liam A. Rogers, of Colby University, then gave an address in 
which he discussed the relation of an Astronomical Observa- 
tory to the industrial and educatiqnal interests of the com- 
munity and to scientific research. Professor Hastings spoke 
of the history of telescope making, especially of the recent 
improvements in objectives, and gave an account of the 
special difficulties encountered in making the equatorial for 
this Observatory. Mr. J. A. Brashear spoke of the special 
need of endowments for astronomical research and related 
several anecdotes illustrating this subject. 

The exercises were enjoyed by a large company, more 
than filling the improvised hall. Among the visiting astron- 
omers present were Professor H. A. Newton, of Yale; D. P. 
Todd, of Amherst; E. E. Reed, of Camden, N. J.; J. R. Ed- 
mands, of Harvard, and Alvan G. Clark, of Cambridgeport, 
Mass. The Observatory thus starts its work with the most 
cordial sympathy of similar institutions, and it is hoped that 
its future history may be in keeping with its auspicious be- 
ginning. 
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AN ALT-AZIMUTH MOUNTING FOR A SMALL REFLECTING 
TELESCOPE. 


GEORGE S. JONES. 
For THE MESSENGER. 

Some years ago the writer had occasion to mount a sil- 
ver-on-glass reflector, of 5% inches aperture and 45 inches 
focal length, and was therefore led to examine all the des- 
criptions and illustrations of mountings for such an instru- 
ment which were easily obtainable. Not wholly pleased 
with any of these, he devised (perhaps evolved would be a 
better word) a style of mounting which seemed to suit the 
exigencies of the case—it was not practicable to mount the 
instrument equatorially, for lack of a suitable location for 
it—which mounting has proved in every way so satisfactory 
that he may possibly render a service to some similarly per- 
plexed amateur by giving a description of it. 

The mounting consists of a tripod stand surmounted by a 
small turn-table, which, with its accessories is shown in the 
annexed Figure I. This sketch should need but little expla- 
nation. The tube of the instrument rests upon the saddle 
a, being held loosely by means of a pair of leather straps, 
so that it can be readily turned about its axis. A couple of 
bosses on the tube impinge against’ the upper end of this 
saddle and prevent the tube from slipping downward. By 
means of a pair of hand-wheels, b and c, a slow movement 
in altitude and azimuth may be given to the instrument; by 
means of a small dependent pin, d, the azimuth mechanism 
can be thrown out of gear, when the table is free to be 
turned completely around, if desirable. A rack, e, is pro 
vided for the eye-pieces. 

Figure II. shows a vertical section of the table, in the 
plane of the movement in altitude; figure III., a horizontal 
section at the dotted line ff 

The movement in altitude is obtained by means of a rib- 
bon, g, one end of which is secured to the table, and which 
passes over a roller at the upper end of the saddle and can 
be wound or unwound upon the roller, 4, by means of the 
hand-wheel c. The upward movement is caused by the 
weight of the lower end of the tube, which is supported 
above its centre of gravity. The tube can be turned from a 
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horizontal to a perpendicular position, and can, therefore, 
be directed to any point in the heavens between the horizon 
and the zenith. 





Fic. I. 


The connection between the hand-wheel c and the roller A, 
which winds the ribbon, is shown in Figure III. This wheel 
is affixed to a hollow mandril, 7, (made in this instance of a 
short piece of brass tubing, one-half inch in diameter, turned 
carefully round and smooth), to the inner end of which is 
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sitiined a toothed w wry k, three-fourths of an sie in di- 
ameter, the centre of which was cut away in the lathe, so 
that it could be slipped over the end of the mandril, little 
more of it than its teeth being left. This wheel gears with a 
larger wheel, /, attached to the pinion of the roller, 4. The 
mandril, i, turns freely in its bearings—it passes longitudin- 
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ally through a cylindrical block of wood, which is glued 
into the table, in the manner shown in the drawing,—and 
in order to obtain for it a resistence sufficient to counteract 
the pull of the tube, the block in which it turns is out away 
on the under side to allow of the insertion of a brake shoe 
(not shown in the drawing) that is held in place by a 
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spring, the pressure of which can be renelatel “ means of 
the thumb screw shown at m, Fig. 1. It will be seen that 
through this arrangement a very slow movement, either 
upward or downward, can be imparted to the tube. More- 
over, this movement is the smoothest possible. 

The main features of the structure of the table, for ob- 
taining an azimuth movement, will readily be understood 
from a simple inspection of the drawings. The post of the 
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Fig. III. 


stand is capped by an iron disc, n, which is toothed on its 
circumference to gear with a worm-wheel, 0, which is con- 
nected, in the manner shown, with the hand-wheel b. The 
rod which carries this worm-wheel is journaled at its inner 
end to the post or stud, p, which has a jointed connection 
with the top of the table, so as to permit of the worm- 
wheel being withdrawn from its contact with the disc, n, 
when there is nothing to prevent the table from being 
turned freely on its spindle. The worm is kept in gear by 
the pressure of a spring, which acts against the stud, p, as 
shown at s in the detached portion of figure III. The 
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mechanism for throwing the worm out of gear is shown in 
the same figure, where t is a cam which acts upon the stud 
p through the intervention of an elbowed lever, u, as illus- 
trated, and which is connected with the pin and lever d, 
(Figure III.) beneath the table. 

To secure the table to the stand yet permit it to rotate 
freely, a groove is turned in the upper end of the post of the 
stand, into which project the ends of three clips, that are 
screwed to the under side of the table, one of which is shown 
at v, Fig. II. 

The feet of the stand are shod with india-rubber pads, 
which I have found a very efficient protection against the 
jarring of the ground occasioned by the passing of wagons 
and street cars. 

Of the advantages secured by this mounting, two princi- 
pal ones may be dwelt upon. First, the wheels b and c are 
both turned with the same hand (right or left, as happens 
to be the most convenient) which can be held continually 
grasping them losely and can pass from one to the other 
without ‘‘fumbling.”” A little practice enables one to turn 
them simultaneously. One of the eve-pieces used with this 
telescope gives a power of 360 diameters, and I never have 
any difficulty in keeping an object in its field. 

A second great advantage is that the tube may be turned 
so as to bring the eye-piece (which, of course, is at the upper 
end, the instrument being of the Newtonian form) into that 
position which is the most convenient for the observer, thus 
contributing to his comfort, which, as every one knows, is a 
great point in observing. A still further and perhaps an 
equally great advantage secured by the readiness with 
which the tube can be rotated, is, that one is thereby enabled 
to view an object under different aspects. Rotating the 
tube is equivalent to rotating the object, and every ex- 
perienced observer knows the advantage of this. A quarter 
of a turn given to the tube gives the whole field a rotation 
of 90 degrees; directions which were right and left become 
up and down, and one who has tried this change for the 
first time, will be surprised to see how differently everything 
will appear. I have frequently been able to discern without 
difficulty with the tube in one position a faint object, of the 
existence of which I was rather uncertain when the tube 
was in another position. 
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In conclusion it may be remarked that the mounting 
above described being made principally of wood (walnut in 
this case) is calculated for home manufacture. 


CURRENT CELESTIAL PHENOMENA. 
THE PLANETS. 


Mercury, during the first half of December, will be visible to the naked 
eye just after sunset. The planet sets from an hour to an hour and a half 
later than the sun. Its altitude is so low, however, that good observa- 
tions will be almost impossible in the northern hemisphere. Greatest 
eastern elongation occurs Dec. 11; inferior conjunction Dec. 28 at 3" 53™ 
P.M. central time. In January Mercury will be “ morning star,” coming to 
greatest elongation west from the sun Jan. 19. 

Venus is “evening star’’ with Mercury and Jupiter. Venus and Mer- 
cury will be in conjunction, the latter 1° 15’ south of the former, Dec. 5 at 
9 a. M. The phase of Venus is nearly full, diminishing to about 0.9 on 
Jan. 1. Its brilliancy is increasing slowly and the planet will become more 
cagly visible as it recedes‘eastward from the sun. 

Mars is “morning star,” rising about four hours before the sun, but is 
yet too distant from the earth for satisfactory observation, the diameter of 
his disk being only 5”. Mars and Uranus will be in conjunction, only 29’ 
apart, Dec. 15, + a4. mM. They will be seen in the same field of view of a 
small telescope. Uranus will be north of Mars. 

Jupiter may be observed only in the early hours of the evening. The 
last number of the Monthly Notices (Vol. LI, p 543) contains an interest- 
ing paper by Mr. E. E. Barnard on observations of Jupiter and his satel- 
lites during 1890 with the 12-inch equatorial of Lick Observatory, illus- 
trated by a complete drawing of the planet made July 30,1890, and several 
partial drawings. The most interesting points are his observations of 
Satellite I in transit across the planet's disk on Sept. 8, 1890, and Ang. 3, 
1891. On the earlier date the satellite traversed a white belt upon the 
planet and appeared as a double black spot or as two black spots one 
above the other. On the latter date the satellite traversed a dark belt and 
was seen as an elongated white spot, the elongation being almost perpen- 
dicular to the direction of the double black spot of the earlier transit. 
These two observations are very plausibly explained by Mr. Barnard as 
indicating that the satellite has a white belt encircling its equator. When 
the satellite is seen on the background of a white belt of the same brilliance 
of the planet, it takes the appearance of two dusky spots which are made 
round by irradiation. When it is seen in the background of a dark belt 
of the planet, the white belt of the satellite alone is seen. 

Saturn is coming into better position for observation. He may be 
found toward the east after 1" a.m. But few observations of the reappear- 
ing rings have yet been reported to us. Mr. Marth has published part of 
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his ephemerides of Saturn’s satellites in Monthly Notices, supplemental No. 
1891, but we are sorry that this part extends only to Dec. 22, and that 
the next number is likely to be too late for this issue of the MESSENGER. 
The following are the phenomena of the satellites predicted for December: 


Central Time. 


Dec. 2 12.8 a. M. Shadow of Rhea in transit. (?) 

+ 9 Rhea eclipsed. 
6 9.8 P.M. Shadow of Titan. 

11 1.7 a. M. Shadow of Rhea. (?) 

13 oe * Rhea eclipsed. 

15 a Titan eclipsed. 

20 ao. Shadow of Rhea. (?) 

22 il Rhea eclipsed. 

22 9.0 P.M. Shadow of Titan. 


It is not known whether the shadow of Rhea can be seen or not, and it 
is very desirable that this should be looked for very carefully by those hav- 
ing the use of large telescopes. 

Uranus is coming out from behind the sun, but not yet in good position. 
He may be observed after 4 o'clock in the morning. The conjunction of 
Uranus with Mars has already been referred to. 

Neptune, having just passed the point on the celestial sphere opposite to 
the sun, is in its best position for observation this year. As it passes the 
meridian at a high altitude the circumstances are all favorable for excellent 
views of the planet. The disk of Neptune is, however, so small that a 
power of 200 or more is necessary to recognize it. To see the satellife re- 
quires a large telescope and power of 300 or more. 


MERCURY. 
Date. R.A. Decl. Rises. Transits. Sets. 
1891. h m afuied h gm h m h m 
Dec. 25........ 18 47.1 — 21 27 7 58 A.M. 12 33.1 P.M. 5 04 P.M. 
jae eee 17 55-5 — 20 14 2 ie 10 56.4 a. M. ella 
16 ..ceseee 18 05.7 — 21 28 554 “* 1027.2 “ 3 00 ** 
_, Sores 18 50.6 — 22 34 SGs5 * 10 32.9 * 308. + 
VENUS. 
ROCs 25 ..<.0ie7 20 O1.9 — 22 08 9 16 A.M. I 45.7 P.M. 6 16 P.M. 
BO. S.2.-002 20 58.8 — 18 54 oa * eo2 “ 644 * 
|, eee 21 58.1 — 15 02 ga, * 209.0 “* 7% * 
eS 22 35.2 — 10 30 -— * > ei a = 
MARS. 
DOC BS cseccces 14 35-3 — 14 17 3 14 A.M. 8 20.0 A. M. I 26 P.M. 
pO eee 15 00.2 — 16 13 ca Sagi * Ior * 
BS vcncnoes 15 25.5 — 17 58 sep * ae “ ae 
RE oscarets 15 51.1 — Ig 29 ms. * 7 oa * i %. “* 
JUPITER. 
ee eae 22 57-3 — 759 tI1090aA.M. 4 40.6pP.M. 10 12 P.M. 
WE. Gcocseind 3 07.0 735 DS 404.2 * ea = 
BR sccceane 23 10.9 — 6 30 os “ 380 * gog * 
De ciasssss 23 18.4 — § 42 g45 * ae S qt.“ 
SATURN. 
as | aeeee 12 03.4 + 203 II 33P.M. 5 44-6a.M. II 56a. M. 
Sn See eer 12 04.1 + 201 t0o51 * 5 o2.1 * Mas 
ene I2 04.1 ee serge: amy * 10 34‘ 
De cconsacs 12 03.4 + 212 - sas 207 = ** O65... 
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URANUS. 
} Date. R.A. Decl. Rises. Transits. Sets. 
: 1891. h m nhl h m h m h m 
Dee, 25 «...... 14 12.0 — 12 46 2 45 A.M. 7 56.8 a. M. 109 P.M. 
pS ae eee 14 13.5 — 1254 204 “ ee 1227 “ 
et 7 14 14.6 — 12 §9 26. °* 6 6.5“ It 48 A. M. 
er iockecd 14 15.3 = 1.03). 1247 * 5 58.2 “ Ir og “ 
; NEPTUNE 
Bes FS sie 4 21.6 + 19 53 2 37 P. M. 10 04.0 P. M. 5 31 A.M 
pS a eee 4 20.5 + 19 50 a: go ing * 446 “ 
SG cheat 4 19.8 + 19 49 4. 8 39.7 406 ‘* 
25 .esseeee 419.2 -+19 48 12 33 7 59.8 3 26 
THE SUN. 
Dec. 25........18 16.2 — 23 24 7 30 4. M. 12 00.3 P.M. 425 P.M 
POMS. Sacsekens 19 04.5 — 22 37 y Oe i 12 05.6 3 
hae 19 48.3 — 21 07 7 we 12 09.6 4a ™ 
or 20 30.6 8 558 , oe 12 12.5 age * 
Jupiter’s Satellites. 
Central Time. Central Time. 
h m , h m 
Dec.16 + 51 P.M. I Sh. Eg. Dec. 30 439 p.m. III Ec. Dis. 
18 ¢27 “ Il Oc. Dis. &I2 * | Fe. Te 
19 510 * III Tr. In. Ea * I Sh. In. 
838 “ Ill Tr. Eg. ‘al I ‘Te. Be: 
20 417 “ II Sh. In. 740 “ ‘III Ec. Re. 
$3e “ IP Tr. Be: 842 “ _ I Sh. Eg. 
7° II Sh. Eg. St ¢€ 00 *“ I Ec. Re. 
903 “ IV Oc. Dis. Jan. 3 704pP.M. II Tr. In. 
* 2. 34a.“ l Tr. in. S&S €2-* II Ec. Re. 
16 GE “* I Sh. In. 6 +441 “ IV Oc. Dis. 
22 .6Ge “ I Oc. Dis. i oe aie } Te te 
936 “ I Ec. Re. Tis * IlI Oc. Re. 
23 430 “ I Sh. In. T 432 ™ I Oc. Dis. 
5.22 “ I Tr. Eg. (i mess I Ec. Re. 
647 * I Sh. Eg. S S507 “ 1 Sh. Eg. 
$5 911.“ II Oc. Dis. 10 950 * HE Ty. In. 
SG  S:35 ..* iE Tr. Fn. 14 418 “ II Sh. Eg. 
a Se LE Tr. in. ¢6& a. * I Oc. Dis. 
654 “ IL Sh. In. 15 446 * 1jSh. In. 
ti." II Tr. Eg. & se “ IV,Sh. Eg. 
943 * Il Sh. Eg. 601 * 3 te Be 
29 803 “ I Oc. Dis. 7 03 I Sh. Eg. 
sas IV Sh. In. 
Configuration of Jupiter’s Satellites at 7:30 p. m., for an Inverting Telescope. 
o Jan. 1 42103 Jan. 12 3104@6 Jan. 22 42034 
" 2 40312 13 30124 23 14123 
3 4381032 14 21 43 24 1 244 
*& 422014 15 241083 25 32014 
a : & $41 2 16 40123 26 31204 
6 12@¢¢0e 17 41302 27 30124 
rj 20436 18 43201 28 10342 
8 21034 194312 Cc 29 2 34 
9 01324 20 43012 30 ) 2436 
10 13 0 24 21 412 3 3% 1 342 
11 32014 
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Minima of Variable Stars of the Algol Type. 


U CEPHEI. 


_ Eee 


R CANIS MAJ. 


S ANTLLA, Cont. 


ie ae ee” OR A. 7" 14™ Zo» Jan. 2 midn. 
we Fa ae ae...) ee —16°30° —~ 3 a 
Period .....<.... 2d11"50"™ Period 1d 03°16" 4 ll P.M. 
Dec. 16 3 P.M. Dec. 19 (ee 5 10 
19 3 A.M. 20 10 6 6 A.M. 
21 3 P.M. 22 1a. 7 alee 
23 ee 23 ae bed - 
28 ee 27 6 P.M. 9 = 
Jan. 2 2 28 = 10 4 * 
r § 1 30 es 2 11 3 
12 1 31 4 °* 12 2 
17 2 Jan. 5 8 P.M. 13 7: lie 
21 midn. 6 11 14 2 is 
26 midn. 8 Sa. 14 midn. 
31 midn. 13 Te: 15 midn. 
14 20). °** 16 ll P.M. 
ALGOL. 16 2A. M. 17 16. * 
17 > 18 6 A.M. 
ae 35 01™ O15 21 6 P.M. 19 5 
ae + 40° 32’ 22 AO, 20 5 
Period.......... 2d 20% 49™ 23 midn. 21 4 
Dec. 18 3p: M. 25 4+ A.M. 22 3 
30 2a. M. 30 8S P.M. 23 3 
Jan. 1 11 Pp. M. 31 11 A.M, 2+ 2 
4 7 4 25 1 
7 4 S ANTLLE. 26 Bh 
19 3A. M. 26 midn. 
21 midn. 5, ets gh 27™ 308 od — 
a ek oe o oee 8 2811 pM. 
27 er te Period:..:... Od O07» 47™ i 10 
80 i oF Dec. 16 5 a. M. 30 10 
17 es 
2X TAURL 18 3 8S. CANCRI. 
19 3 
ls See 3h 54™ 35° 20 2 i Spon 8» 37™ 39° 
ESS + 12°11’ 21 1.) . PRC nat acete + 19° 26’ 
Period........3d 22h 52m 22 1. ss Péraed...<...:: 9d ¥1" 38™ 
Dec. 16 6 A.M 22 midn. Dec. 30 9 P.M. 
20 4 * 23 lip.m. Jan. 18 ws." 
24 3 24 11° 
28 am 25 6 A.M. U. CORON. 
Jan. 1 1 26 6 
4 midn 27 & <- > ae 155 13™ 43° 
s llp.M 28 ™ OE, Nene aaeee + 32° 03’ 
#2 10 29 oe Period........ 3d 10" 51™ 
16 os 30 ~ Dec. 17 6 A.M. 
y 20 7 ; 31 eS, 24 4" 
24 o: * Jan. 1 2 31 cs 
28 5 <S 2 >" Jan, 24 ils 
31 3 


Lunar Eclipse at Northfield. During the greater part of the time of the 
eclipse at Northfield, Nov. 15, the sky was thickly covered with clouds, so 
that all observations of use were impossible. 
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1 Approximate Central Times when the Great Red Spot passes the Central Mer- 
: idian of Jupiter. 
Dec. 16. S S6Pr. mu. Jan: 131 476m. Jan. 37 & O28 re 
i i 27: 2e eS  @°:ae, = 18 10 49 * 
i a .13. " ~~. Se if ¢€ 40 = 


19 6 06 “* S ee = 20 Bae 
we 2k Ga ” 5 oS CF ™ 21 S$ 32 * 
21 7 44 * G 107 56 ™ 22 4.30. © 
2a a2& © 46 ™ 23 9 Se." 
zw 3 22 ” oS ~ 2. oa 24 a a ™ 
24 5 14 * o- fs 2 “ 25 : 4 * 
25 Af OF 10 +4 16 * 26 ‘<> “Seno 
2 6 52 a5 6 Oo. ™ 27 ee es 
27 as fs ~*~ a” oo oe 28 9 @6 * 
28 8s 30 “* am 3k- SE Ff 29 + 56 * 
2 4 2 * 14 . ao ~ So 10 43 * 
30 10 O08 * is f+ 2 * 3 Ge > 
3 of ™ 16 9 11 P 


Phases and Aspects of the Moon. 
Central Time 


d h m 

ERE SINE COE iso S visa ceseqaeasscawevwektina Dec. 22 11 39 P.m. 
PPI pitewncsotedaagnsceabeseavcdenas pone “ 2 Noon. 

BURTON ENON 2 ctccaciccianvoea: <cccsaunesincas od - 9 20 P.M. 
I ek fossss. ip dnpabiccercensegicsealanads Jan. 5 11 OG a.m 
TPRRMO CROMUUETS cic ccndicgecs casticccenssees 2 6 7 12 P.M. 
PMN IPOD gane cncacuscncaduceeuesssacacenses “ 33 9 2f Fm 
TI os Sao ron sa ads cncan cent ntcetoncvessa ae 9 12 a.M 
PM GROIN REE so iviaticenatscacedsscaccedexanae Sa 9 43 P.M. 
FOCUS oasis cacy cnsncecececesencccsens “ 29 10 3 acm. 


Occultations Visible at Washington. 


IMMERSION. EMERSION. 





Star's Magni- Wash. Angle Wash. Angle. Dura- 
Date. Name. tude. Mean T. from N. Mean T.  fromN. tion. 
1891—2 h m h m : h m 
Dec. 17...A Cancri oy, 12 36 128 13 57-9 256 I 22 
18...B.A.C. 3138 6.3 II 30 77 12 44.4 Bll I 14 
. 19...77 Leonis $:3 13 48 141 15 10.2 272 I 22 
Jan. 8...6 Piscium 555 6 04 15 7 Ol 276 O 57 
10...7 Tauri 4.5 4 10 85 5 08 229 o 55 
h 10...99 Tauri 6 13 03 128 13 53 221 oO 50 
11...139 Tauri 5 12 49 gs 14 03 264 114 
12...39 Geminorum 6 13 06 134 14 08 244 I og 
16...7 Leonis 6 It 14 75 Il 51 232 0 57 2 
24...18 Ophiuchi 7 17 25 74 18 24 334 0 23 
, A Dark Transit of Jupiter's Third Satellite. Last night, Nov. 6, at 5" 


17™ p.m. (90th M. T.), I observed a dark transit of Jupiter's third satel- 
lite—intensely dark and apparently smaller than its shadow which it pre- 


. ceded 5 hours. My observations extended from 6 minutes after ingress un- 
{ til egress, 4 minutes before which the intensity began gradually fading 


away until it was with difficulty held steadily with my 4%4-inch telescope. 
At beginning of emersion the bright image protruded from the disk of 

Jupiter as in ordinary transits but wanting in brillianey. 

Charlestown, Ind. Wiiuis L. BARNEs. 
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COMET NOTES. 


(Continued from page 469.) 


App. R. A. 
h 


m s 
4 18 16 
17 50 
17 20 
17 03 
16 4i 
160 21 
10 03 
15 40 
15 30 
15 16 
15 04 
14 53 
14 44 
14 37 
14 31 
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14 28 
4 14 33 
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Pw FKP 


on O 


’ 


© be ¢ 
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Ephemeris of Winnecke’s Periodic Comet. 
(From Astr. Nach. No. 3062.) 
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0.4150 


0.4002 


0.3850 


0.3091 


log 4 


».0068 


o 


ro) 


.0146 


0.0224 


ro) 


.0304 


oO 


.0384 


-O46 6 


0.0548 


-0630 


~ 


.0713 


-0790 


.0879 


1 
r? J? 


0.021 


0.039 














XUM 





XUM 


.. 7 ivi FA ~ 
\ Current Celestial Phenomena. 517 
s 
serlir 1 
Miduiaht. App. R. A. App. Decl. logr log 4 ap 
1892 Jan. 1 17 12 %2.1 
i 2 18 15 04.2 0. 3827 0. 3004 0.043 
3 19 17 06.6 
4 20 19 09.1 
5 21 20 11.9 
6 22 20 14.9 0.3763 0.2818 0.048 
7 23 20 IS. 
Pa) 24 20 21.5 
9 25 19 25-2 
10 26 17 29.0 0.3698 0.2620 0.054 
I! 27 45 33-2 
12 28 12 37-5 
13 29 08 42.1 
14 30 04 47.0 0.3032 0.2430 0.001 
15 30 59 + 13 52.1 


Brooks’ Periodic Comet, 1886 IV. In Astronomische Nachrichten, No. 
3064, Dr. S. Oppenheim gives the results of his investigations of the orbit of 
this comet. He finds the observations of 1886 to be best represented 
by a period of 5.60 years. They are, however, fairly well represented by 
periods varying three months each way from this, so that the time of re- 
turn to perihelion is very uncertain. The most probable system of elements 
would bring the comet to perihelion January 13,1892. It would then be 
in unfavorable position to be seen from the earth and there would be little 
hope of detecting it. If perihelion should occur earlier than that time the 
conditions would be still more unfavorable. Should the comet delay its 
return until April or May it would be in the best possible position to be 
found. Dr. Oppenheim has calculated six search-ephemerides, varying the 
time of perihelion 30 days between each set. We give part of the first two 





Perihelion March 1. Perihelion March 31. 

1892 a ) Light a é Light 
m ‘ - h m ‘ " 

Jan. 1445.8 — 728 0.09 1347.3+ 146 0.10 

17.6 — 16 33 0.11 1415.8— 0 52 0.12 

5 51.3 — 13 33 0.13 1444.6— 3 34 0.14 

> 26.5 — 10 20 O15 15 144— 617 O17 

Feb. 7 02.6 — 18 50 0.16 15 45.9— 903 0.22 

7 39.6 — 20 58 0.18 16 18.8 —11 49 0.27 


Double Shadow of Jupiter's Satellite I. On the night of Nov. 14, after 
the egress of Jupiter's Satellite I, | was watching the shadow as it hung on 
the edge of the great red spot, and while intently observing, the round 
shadow seemed to become oblong, in which form it stayed for at least 
thirty minutes and then the shadow seemed to open and presented a double 
shadow, both round and black, the one much smaller than the other. 

Was it really a double shadow or was the second shadow a smaller iu- 
terior body ? 

It might have been the result of the larger shadow’s contact with a 
dark spot in the belt. but the little black dot remained after the egress of 
the shadow of I. H. O. HOFFMAN. 

Bloomington, Ill. 
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NEWS AND NOTES. 


This issue closes the tenth volume of THE MESSENGER, and, with it, a 
large number of subscriptions expire. After reading the notices of change 
of plan of publication, for the next year, all those whose subscriptions 
have expired are respectfully asked to notify the publisher at Northfield, 
Minnesota, whether or not the publication is desired for the year 1892. 


Materially Changed and Enlarged. Commencing with the January 
number the name of this publication will be The Sidereal Messenger and 
Astro-Physical Journal. The subscription price for the vear 1892 will be 
four dollars, and the number of pages in each of the ten regular issues for 
the year, will be at least eighty, and a greater number when occasion re- 
quires it. The sizes and kinds of type, in general, will be the same as those 
heretofore used, but the size of the page will be somewhat increased to ad- 
mit larger plates and cuts which may be called for in illustrated articles to 
which special attention will be given. 


Reasons tor Change of Plan of Publication. In view of the recent 
wonderful discoveries in Astro-Physics by the aid of the spectroscope and 
the photographic plate, it has been thought wise to give more special at- 
tention to the theme of spectroscopy, and in order to do this, large in- 
crease of space is necessary to represent well the varied work that is now 
going on in this new field of science in Europe and America. To accom- 
plish this in the best and most successful way, additional editorial help is 
also necessary, and it is our good fortune to announce, that Protessor 
George E. Hale, Director of the Kenwood Physical Observatory, of Chi- 
cago, has recently decided to take charge of that part of the editorial 
work, and it gives us great pleasure to say that he will have full control 
of all the matter pertaining to research in this and kindred branches of 
Physics. For this responsible position, we are sure, no better choice could 
have been made, especially among our younger scientific men, for he is a 
ready writer, among the foremost in his chosen field of research, and his 
recent discoveries in photographing the solar prominences have justly 
drawn attention to his work from leading scientists in all parts of the 
world. 

For a year or more, Dr. H. C. Wilson, Assistant Professor of Astron- 
omy at Carleton College, has prepared nearly all the data that have ap- 
peared under the title of Current Celestial Phenomena, and it is a gratifica- 
tion to us to announce that he will continue in charge of this work for the 
coming year with such changes in plan as seems to him wise. 

With all this very considerable increase of expense for the coming year, 
it is sincerely hoped that our old subscribers will stand by us, and thereby 
aid in making this publication in its new form one of the strongest and 
best journals possible in the kindred branches of Physics and Astronomy. 


Chart of the Metric System. The American Metrological Society has 
recently published a chart of the Metric System, contaiing figures illus- 
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trating the length of the meter, decimeter, centimeter and dimensions of 
other units of the system. The chart is printed in bold type and the figures 
drawn to such a scale as to make it easy for any one not acquainted with 
the system to use it readily and intelligibly. This chart ought to be in 
every School room in the land. It costs only ten cents and it can be 
obtained by applying to the American Metrological Society, 41 East 49 
Street, New York City. 


New Superintendent of the British Nautical Almanac. Mr. Arthur M. 
W. Downing has been appointed to succeed Dr. Hind as superintendent of 
the British Nautical Almanac. He will enter upon the responsibilities of 
his office at the beginning of next year. Mr. Downing is, at present, one of 
the chief assistants at the Royal Observatory at Greenwich, having been 
connected with that institution for many years. He is also one of the 
secretaries of the Royal Astronomical Society. We but repeat the words 
of one of the prominent English astronomers in saying that no more com- 
petent man for the post could have been selected. 


Underwood Observatory. The erection and equipment of the Under- 
wood Observatory at Lawrence University, Appleton, Wis., is of interest 
from a scientific standpoint, and also because it shows what a man can ac- 
complish if he is determined in his undertaking. 

In June, 1886, Professor L. W. Underwood was elected to the chair of 
Astronomy and Mathematics in Lawrence University. At that timetheonly 
appliances for astronomical work in the institution was a 5-inch telescope 
on wheels, to be rolled from one side of the cupola of the University build- 
ing to the other; the roof of the cupola prevented any observations within 
45° of the zenith, and hence the whole outfit was practically a failure. 

Enthusiasm in astronomical work, however, began to increase, and in 
the fall of 1889 Professo: Underwood determined to have a first-class as- 
tronomical outfit for educational work. Accordingly he set to work to 
bring about the much needed addition to the University. Having planned 
a building he presented his case to the citizens of Appleton asking them to 
contribute the necessary funds to erect the building, on condition that the 
instruments be secured from outside parties. The money for the proposed 
building was readily pledged and at the annual meeting of the Trustees in 
June, 1890, Professor Underwood made the following proposition (quoted 
from his report at dedication) ‘I will undertake the completion of this en- 
terprise provided you will pay my traveling expenses necessary to the rais- 
ing of the money.” The proposition was accepted, and in seven weeks time 
$17,000 had heen secured to the enterprise and to-day Lawrence University 
has an astronomical outfit consisting of a ten-inch Clark equatorial, a four- 
inch transit, mean time and ‘sidereal clocks, a chronograph and a spectio- 
scope. For educational work there are, if I mistake not, but three obser- 
vatories in the United States that have more elaborate outfits than has 
Lawrence, ad this is due to the energy and perseverence of one man. 

The telescope is a gift of Hon. Philetus Sawyer. of Oskosh, Wis.; the 
sidereal clock was donated by Mr. Woodard, of Clinton, Wis.; the mean 
time clock, by Mrs. Witter, of Grand Rapids, Wis.; the chronograph. by 
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Mr. and Mrs. Elmore, of Milwaukee and the spectroscope by Mr. Britten, 
of Green Bay, Wis. 

The planning of the building, the securing of the money and, in fact, 
everything connected with the enterprise is the result of Professor Under 
wood's personal work and I am confident that, if properly used, the uni- 
versity will be known farther on account of this work than for any other it 
has ever accomplished. 

Professor Underwood and those who have thus made liberal donations 
in the interest of science, are entitled to much credit, and the Professor 
should be generously treated by the board of trustees in order that this 
auspicious beginning may accomplish the utmost good, and that his ser- 
vices may not be required in other fields. 

I had the pleasure of being present and delivering the address at the 
dedication, and also had an opportunity of visiting the Observatory. The 
building is exceedingly complete and convenient in all its appointments, 
and for all the purposes for which it is intended can not well be improved. 
The ten-inch Clark equatorial, mounted by Protessor H. G. Sedgwick, of 
Nashville, Tenn,, is especially to be commended for the solidity and sta- 
bility of its mounting and the convenience of its appointments, and is 
everything that can be desired for educational work. 


M. D. EWELL, M. D., LL. D. 


Variability of the Nucleus of the Great Nebula of Andromeda. On 
any first examination of the Andromeda Nebula with the 16-inch refractor 
of Goodsell Observatory on the night of Nov. 9, 1891, I was struck with 
the stellar appearance of the nucleus of the nebula. _My recollection of the 
nebula in former years and with different telescopes was that the nucleus, 
although very much condensed, became diffuse on the application of high 
powers. On this occasion, however, there was a point in the nucleus 
which became more starlike with each increase of power above 200. The, 
nebulosity faded out almost entirely, leaving a perfect star, about equal in 
brightness to the nearest star preceding the nucleus by about 11°. This 
star is spoken of by Professor Young (Sip. Mess. Vol. IV, p. 282) as of the 
11th magnitude. 

Again on Nov. 19, from 7:45 to 8:00 p.M., I examined the nebula and 
found the same stellar appearance with high powers. With low powers the 
pvint seems nebulous and is almost in the center of the nucleus, but with 
high powers it is in the lower (northern) part of the nucleus. It is equally 
bright with the star to the left ( preceding) and less bright than the one di- 
rectly above (south) 

It will be remembered that in 1885 a new star appeared in this nebula 
a few seconds north of the center of the nucleus, which rapidly diminished 
in brightness until after a few months it became,invisible in the largest tele- 
scopes. My impression on Nov. 9 was that this star had again appeared, 
but the present star seems to be nearer the center of nucleus; its distance 
cannot exceed 2”, 

In the ** English Mechanic” for Nov. 6, 1891, just received, Mr. D. 
-acker calls attention to the apparent variability of the nucleus of the 
Andromeda nebula. 


Collating observations from various sources, some of 
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them made at the time when the new star of 1885 was visible, he derives a 
possible period of 45.2 days between maxima. The last maximum noted by 
Mr. Packer was about Sept. 11, 1891. Carrying forward the period 45.2 
days would bring my own observations at about the time of a minimum. 

Mr. Isaac Roberts had already announced photographic evidence of 
variability in the nucleus of this nebula in Monthly Notices, Jan., 1891. In 
some of his photographs of the nebula the nucleus appears strongly stellar, 
in others not at allso. The stellar appearance is independent of the dura- 
tion of exposure, plates exposed 5", 15", 1" and 3" all showing it. The 
following is the summary of evidence from Mr. Robert’s photographs: 

1885, Aug. 30, exposure 30 minutes, no stellar nucleus. 

1886, Oct. 24, 73 minutes, faint stellar nucleus, 

1887, Oct. 10, 3 hours, very faint stellar nucleus. 

1887, Nov. 15, 2 hours, 35 minutes. no trace of stellar nucleus. 

1888, Oct. 1, 2 hours, no stellar nucleus. 

1888, Oct. 2, 2 hours, 32 minutes, no stellar nucleus. 

1888, Dec. 29, + hours, no stellar nucleus. 

1890, Oct. 12, 3 hours, 5 minutes, not stellar 

1890, Nov. 1, 15 minutes, nucleus very strongly stellar. 

1890, Dec. 9, 5, 15 and 60 minutes, nucleus strongly stellar on each 

plate. 

It seems important, from the above that very close watch should be 
kept over the nebula of Andromeda, especially by those having telescopes of 
considerable aperture, so that data may be forthcoming from which to in- 
vestigate the period and cause of variation of the nucleus. There are 
also several stars in the vicinity which seem to vary in light. H.C. W 


The Total Lunar Eclipse of Nov. 15 was not observed very generally 
because of cloudy weather, as we have learned by private correspondence, 
We are under obligations to Mr. J. R. Hooper of Baltimore for the follow- 
ing account of observations at Philadelphia: ‘‘ The eclipse this evening was 
viewed with scientific care from the astronomical observatories at Haver- 
ford College and the High School. At the latter institution Professor Mon- 
roe B. Snyder was on hand with a class of fifty students. The cloudy 
weather that prevailed during the advent and consummation of the eclipse 
was a great disappointment to Professor Snyder, as it prevented all accu- 
rate views. At 7:52 o'clock, however, just before totality of eclipse was 
reached, the sky cleared, and the atmosphere became very propitious. The 
professor had hoped, during the time of totality, to observe the immersion’ 
and emersion of the stars, which can be viewed more conveniently at this 
period. The only stars that he distinguished, however, were of the eighth 
and tenth magnitude.’ These were not identified. 


New Director at: Detroit Observatory. Since the appointment of Pro- 
fessor W. W. Campbell to the position of Astronomer at Lick Observatory 
there has been a vacancy at Ann Arbor, in the Detroit Observatory, at 
least so far as resident director is concerned. At a meeting of the Board 
of Regents of the University of Michigan, Nov. 18, Professor W. J. Hussey 
was appointed Acting Director. We learn with pleasure that this needful 
provision is made that the old and well-known Observatory at Ann Arbor 
may continue its scientific work tor which it has been so justly famed in 
the past. 
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History of the Telescope. In the address of Professor Hastings on the 
history of the telescope, given in your August number, I was surprised to 
read (p. 340) :—‘* Another notable discovery of this period was that of tle 
duplicity of the rings of Saturn by the Ball brothers in 1665, though its in- 
dependent discovery by Cassini ten vears later first attracted the attention 
of astronomers.’ It is now well known that the belief that the Ball broth- 
ers made this discovery was founded on mistake. More than ten years 
ago, I drew attention to the doubttulness of it, and in consequence of the 
investigation which was soon atterwards initiated by myself (see ‘*The Ob- 
servatory,” Vol. V., p. 331, Nov. 1882, Vol. VI, p. 185, June 1853), the na- 
ture of the misconception which attributed the discovery to William and 
Dr. Ball was fully explained. Cassini was the first to notice the principal 
division in Saturn's ring. 

Aug. 31, 1891, London, W. W. T. LYNN. 


The delay in publishing Mr Lynn’s letter is partly accounted for by 
our vacation months of summer, and partly on account of delay in corre- 
spondence to account for the differences of statement by Mr. Lynn and Dr. 
Hastings. Speaking of Mr. Lynn's criticism, Dr. Hastings said ‘It led me 
to look at the original communication in Phil. Trans. 1666. It is truly 
surprising that it should have been assumed from that account that the 
Ball brothers saw the division in the ring: and yet Grant's History of 
Astronomy, Newcomb’s Popular Astronomy and countless other works of 
less authority make the statement unreservedly that these observers 
anticipated Cassini by ten vears. 

“The order of discovery, arranged in order of difficulty, should have 
been. I am quite sure, Cassini's division and then the three smaller of the 
old five satellites: certainly the division should have been discovered before 


Ill and IV.”’ 


Mr. U. W. Lawton, of Jackson, Mich., favors us with a large photo- 
graph of his private Observatory and a brief description of its inside ar- 
rangement. He has a fine 4-inch Clark equatorial, and he now wishes to 
obtain a good driving clock and position micrometer. Also a two-inch 
transit instrument. VDersons having good second-hand instruments of the 
kind named who wish to dispose of them may possibly do so from 
information herein given. 


Protessor F. H. Bigelow's Recent Discoveries. At the recent meeting 
of the International Polar Commission at Munich, General A. W. Greely 
brought to the attention of the Commission the discoveries and investiga- 
tions of Professor Frank H. Bigelow in regard to magnetism, so fully 
described in The Tribune last September. General Greeley strongly urged 
some action on the part of the Commission toward the discussion of this 
important subject. Professor Neumayer, director of the Deutsche See- 
warte, supported General Greely’s view of the question. It appeared, how- 
ever, that the delegates from a majority of the countries represented had 
limited powers, which terminated with the publication of the observations 
made by thir own expeditions. As the reports of the delegates indicated 
that all the missing reports are in process of publication, the Commission 
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dissolved. But before final adjournment the merits of Protessor Bigelow's 
a ie paper were discussed in the most favorable manner by several members of 
the Commission, especially by Professor Neumayer, of Germany, and the 
distinpuished representative from France, Professor Masecart, of the Col- 
lege of France. The sentiment was so favorable that the Commission f 
delegated to a committee its powers, and authorized it to act in its name. 4 
General Greely was named as president, with Professors Mascart and Neu- 
mayer as colleagues. The committee was further to invite as co-operat- f 
ing members Professor Mendenhall, of the United States Coast and Geo- 4 
detic Survev, and Professor Harrington, of the United States Weather 
Bureau. The committee believes that the work begun so successfully by 





Professor Bigelow will supplement largely, if it does not entirely perfect, } 
the Gaussian tleory of magnetism. It is hoped that through Professor 


Harrington’s action in appointing Professor Bigelow a professor of the 
Weather Bureau, the latter gentleman may be enabled to pursue his re- 
searches far enough to reach results of importance to both magnetism and 
meteorology.—N. Y. Tribune, Nov. 10, 1891. 


The Sydney Observatory. A pamphlet recently published by John If 
Tebbutt sets forth some facts of interest concerning the Sydney Observatory 4 
of New South Wales. From this pamphlet we learn that the Minister of i 
Public Instruction, Sept. 9, 1891, brought before the Legislature of New a 
South Wales, a statement of the number of persons employed in the Gov- (e 
ernment Observatory and the salaries paid in the vears 1880 and 1890, to- 
gether with the total cost of the establishment, including instruments tor H 
ten vears, which was £41,103 and that of this sum £24,598 was paid for i 
the maintenance of the meteorological department alone. These facts were it 
published, and some public criticism was made in respect to the large 
amount proportionally expended for meteorology and the small results 
that had latterly accrued in the interest of astronomy. Mr. Tebbutt then 
t wrote an article for publication in the ** Herald,”’ of Svdney which for some 
reason did not appear. The article gives a brief but interesting account of 
the work done in the past at the Sydney Observatory, and justly speaks of 
it with commendation, but it also calls attention to the small amount otf 
published results that have appeared during late years and questions the 
wisdom of allowing observations to amass in this way, wherein the danger 
of loss of them is great to say nothing of the disadvantage to science in 
such delay of publication. Because Mr. Tebbutt’s article was rejected, he 
has published the facts in pamphlet form. 


Washington Amateur Astronomical Society. By kindness of Mr. 
W. E. Woods. Washington, D. C., information was given too late for last 
month's publication, that a project was on foot in the Capitol City, to 
form an Amateur Astronomical Society. Something of its plan, as then 
understood, may be gathered from the following brief statements furnished 
by Mr. Woods; The “Amateur Astronomical Society of Washington” is 
projected for the purpose suggested by its title. When organized, it will 
welcome all lovers of astronomy within its portals, and followers of other 
branches of science will be admitted to membership with an equal welcome. 
If it becomes a certainty, it will be especially favored in its investigations 
by the tendered use of two well-equipped private observatories, and a 
2 u laboratory, also private, where the highest classes of astronomical, astro- 

4 physical, and analytical work can be performed. Further, it is intended in 
the tuture that the society will be addressed at least once a week by some 
A eminent professor of science, and further considerations will probably be 
obtained from the Naval Observatory, when that is completed and all its 
instrumental arrangements are perfected. No city of this or any foreign 
country offers better facilities or inducements for the amateur scientist, 
than Washington, and the material for the organization to be obtained 
here is, if anything, superior to that of most other cities. The annual 
meetings of other societies in this city will give the new society superior 
advantages. 
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Astronomical Physics. Judging from the evidences that have come to 
hand during the last ten days, the large venture that THE MESSENGER 
makes in practically adding another and a new journal to its contents, we 
have not mistaken the wants of our readers or wrongly estimated the field 
of our patronage. As we. have pondered this thing carefully, we are more 
and more certain that astronomy of position needs the help of Astro-phys- 
ics and that the old and the new should be side by side, constantly lending 
to each other the mutual aid they are naturally calculated to give. 


BOOK NOTICES. 


Star-Land. Being Talks with Young People about the Wonders of the 
Heavens. By Sir Robert Slawell Ball, F. R. S., Royal Astronomer of 
Ireland. Publishers, Messrs. Ginn & Company. 1892, pp 384. Intro- 
duction. Price $1.00. 

This book is just what its name indicates. It had its origin in two 
courses of lectures provided hy the Royal Institution of Great Britain, at 
Christmastide by the author, in the years 1881 and 1887, and which were 
prepared for juvenile audiences. The course consists of seven lectures on 
the following themes, viz.: The Sun, Moon, Inner Planets, Giant Planets, 
Comets and Shooting Stars, Stars and How to Name the Stars. Each 
lecture presents the essential points belonging to its subject, in easy-. 
worded language, and illustrations are given frequently where needed to 
avoid obscurity of statements, or to give more definite ideas for the grasp 
of young minds in dealing with the great thoughts common to the study of 
Astronomy. The verbal illustrations used by the author, in bringing out 
the various phases of his subjects, are very excellent, and we do not see 
how the presentation of this matter could have been made more useful or 
interesting. We wish young people everywhere could be favored as roy al- 
ly in this way, as is the custom in Great Britain by giving annually such a 
course of illustrated lectures. Where this is not done, the next thing is to 
provide for them good books and encourage the reading of them. This 
book is especially suited to interest and instruct young people in Astron- 
omy. 


Copernic et la Découverte du Systémedumonde. Par Camille Flammarion, 
Librairie Marpon & Flammarion, 26 Rue Racine, prés !Odéon, Paris. 
This excellent little hook of 249, 12mo pages is the first of a series of 

works which the able French astronomer, Camille Flammarion, is writing 

on the general sulject of ‘* Astronomy and its Founders.’’ He takes Co- 
pernicus, Galileo, Kepler and Newton as the real founders of modern as- 

tronomy and proposes ‘to write the history of these great geniuses in a 

popular form which will set forth scientific truth at the same time with the 

life and works of these illustrious men.’ If the author succeeds as well in 
the later works as in the first one, he will certainly have performed a very 
useful service in bringing within reach of all the facts and cates in the lives 
of these men which led to their great success. 

This book is written in very simple and pleasing style and is interest- 
ing throughout. The first chapter g gives a statement of the ancient ideas of 
astronomy and the state of the science at the time of Copernicus. The 
following chapter S give account of his ancestry, childhood, early influences 
and education, study of medicine at Cracow, choice of astronomical voca- 
tion, visit at Rome, first astronomical researches, etc. All those facts are 
given which one likes to know about a great man. His works are then 
taken up, and those studies which led up to his abandonment of the old 
theory of the universe and construction of the new system, his long hesita- 
tion and final decision to publish his book and dedicate it to the Pope, are 
treated in an interesting manner. The last chapter gives very brief ac- 
counts of the life and works of Copernicus’ successors, Tycho Brahe, Moest- 
lin, Galileo, Kepler and Newton. In an appendix a useful résumé of the 
works of Copernicus is given. 
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SMALL TELESCOPES FOR SALE. 


We have had so much correspondence about small telescopes during the 
last year that we have decided to devote one or more of our advertising 
pages to information of this kind, especially in regard to second-hand tele- 
scopes, in the interest of those who wish to buy or sell such instruments. 
Naturally enough persons who wish to buy such telescopes are timid lest 
they be cheated in the operation. We cannot recommend a telescope that 
we have not seen and so we have been unable, in many instances, to help 
persons in this way who really need aid. 

Now, we make this suggestion: That any person having a good, 
second-hand telescope who wishes to sell it, may try to do so through our 
agency, for new and second-hand instruments. The telescope should be 
sent to “Goodsell Observatory of Carleton College, Northfield, Minn.,”’ 
transportation prepaid, and we will give it a careful examination and 
publish an account of its condition and the owner’s terms of sale. 

In case of sale we will charge ten per cent. for all values under $500. 
For values over $500 special arrangements will be made. If an instrument 
is not sold within four months it will be returned at owner’s expense and 
no charge will be made for examination and advertising. If the owner still 
wishes to keep his instrument in the agency for sale, special arrangements 
to that effect may be made. Correspondence is therefore solicited from all 
persons wishing either to sell or to buy second-hand astronomical instru- 
ments. 

OR SALE,.—Byrne 5-inch equatorial telescope, tripod mount. Slow 

motion in R. A. Eight eye pieces, including solid high-power Sun 
prism. Terrestrial and diagonal eyepieces. Particulars and photo on 

application. Price $350.00, R. M. SMYTHE, 
44. Broadway, New York. 

OR SALE.—A 61-in. Reflecting Telescope made by J. A. Brashear. 

The telescope is nearly new and is in excellent condition. The mount- 
ing is equatorial, on iron stand or pillar, suitable for observatory work, 
with slow-motion attachment to equatorial. Excellent finder, four eye- 
pieces, powers from 55 to 300; also a collimating eye-piece and amplifier, 
for increasing power of eye-pieces, or for solar observations. The instru- 
ment has photographed the moon with less than a second’s exposure. 
Will sell at a bargain. For further information address 

F. L. SMITH, 25 Elm St., Oshkosh, Wis. 


OR SALE.—A Second-Hand Tripod Mounting for a small telescope is 
offered for sale at this office for $25. 
OR SALE.—One of the finest clocks ever brought to this country. 
Suitable for an observatory. Correspondence solicited. Address 
GEO. E. WILKINS, Syracuse, N. Y. 


OR SALE, CLARK—5-inch Telescope with Equatorial Taipod or 
Post Mounting. Slow Motionin R. A. Finder. Five Eve Pieces, Sun 
Glass, two Sun Caps, Diagonal and Terrestrial Eye Piece. A first class in- 
strument in every respect, and in excellent condition. Will sell for half its 
vaiue. S. J. GLASS, 715 Case street, Milwaukee, Wis. 


ALARY $25 PER WEEK, WANTED—Good Agents to sell our 
General Line of Merchandise. No Peddling. Above Salary paid to 
“Live”? Agents. For further information address 
CHICAGO GENERAL SUPPLY CO., 
178 West Van Buren St., Chicago, Ill. 
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Astronomical Instruments. 


PERSONS CONTEMPLATING PURCHASING 


TELESCOPES, TRANSITS, 
: MICROMETERS, 
SIDEREAL CLOCKS, 
SPECTROSCOPES, 
DOMES OR OBSERVATORIES, 


Anything whatever connected with Astronomical Outfits, of Any Kind of 


Make, will find it to their interest to address 


Central Tennessee School of Mechanical Engineering, 
NASHVILLE, TEN NESSEE. 


ASTRONOMICAL 


THLESCOPHEHS, 


EQUATORIAL MOUNTINGS, 
With and Without Circles. 

DRIVING CLOCKS, 
ACHROMATIC OBJECTIVES IN CELLS, 
NEGATIVE AND POSITIVE EYE-PIECES, 
DIAGONAL PRISMS. 


HELIOSCOPES, SPECTROSCOPES, 
CHRONOGRAPHS, 
TRANSIT INSTRUMENTS. 
PHILADELPHIA: 


JAMES W. QUEEN & CO., 


No. 924 Chestnut Street, 


&B- SEND FOR CATALOGUE. 
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My W.&D. MOGEY 


MANUFACTURERS OF 


Telescopic 
Objectives 


of Superior Defining Power, 


Equatorial Mountings 


with and without circles. 


EYEPIECES, 


Positive, Negative, 
Terrestrial, Diagonal, 
and Solar. 


SEND FOR CATALOGUE. 
418 W.27th St. 


NEW YORK CITY. 








Do you want to Save from 25 to 50 cents 
on every Dollar you spend? 


If so, write for our Illustrated Catalogue, containing illustrations and 
prices of everything manufactured in the United States, at manufacturers’ 
prices. 10,000 Illustrations. All Lines Represented. Catalogue mailed 
tree on application. 








Address CHICAGO GENERAL SUPPLY CO., 
178 West Van Buren St., Chicago, Iil. 


Electric Break Circuit 
CHRONOMETERS. 


WM. BOND & SON, 
134 State Street, 
Boston, Mass. 
We are the original makers of these Chronometers in the United States 
and our system is still the best in use. 
SEND FOR CIRCULAR 
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ASTRONOMICAL DOMES | 


BUILT ON THE HOUGH SYSTEM 
Possess the following advantage* 
over all others: 

Minimum weight of rotating parts. Q 

Ease of rotation and lateral stability at- 
tained by the use of adjustable stationary 
anti-friction wheels. 

Anopening continuous from horizon to zen- 
ith. 

A shutter that closes weather-tight, will 
not bind, and can be quickly and easily oper 
ated. 

Simplicity of construction, durability and 
cheapness. 











The anti-friction wheels and shutter can be 
applied to existing domes with slight altera- 
tions and small expense. 

A Dome built on the new method may be seen at the Dearborn Observatory, 
Northwestern University, Evanston, Ills. 

For further particulars and estimates of cost address, 


WM. SCHERZER, C. E. 


509 Home Insurance Building, Chicago, II. @ 


Carleton Gliese, 


NORTHFIELD, MINNESOTA. 


Full Preparatory and Collegiate Departments. 
English, Scientific, Literary and Musical Courses. 
All Departments open to Students of Either Sex. 


EXPENSES VERY LOW. 


Calendar. 


Examinations to enter the Academy the first afternoon of each term. 

Term examinations, Monday and Tuesday, Dee. 21 and 22, 1891. 

Winter Term begins Tuesday, Jan. 5, and ends Wednesday, March 16, 1892. ; 3 

Term Examinations, Tuesday and Wednesday, March 15 and 16. 1892. a fa 

Spring Term begins Tuesday, March 29, and ends Thursday. June 16, 1892, i] 

Examinations to enter the College, Friday and Saturday, June 10 and 11. 
and Tuesday, Sept. 6, 1892. 

Term Examinations, Monday and Tuesday, June 13 and 14, 1892. 

Anniversary Exercises, Saturday to Thursday, June 11 to 16, 1892. 

Fall Term begins Wednesday, Sept. 7, 1892. 


JAMES W. STRONG, PRESIDENT. 
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~GINN & CO. 


PUBLISHERS, 


BOSTON. NEW YORK. CHICAGO. 


Young’s Lessons in Astronomy. 


Including uranography. By CHARLEs A. YounG, Ph. D., 
LL. D., Professor of Astornomy in the College of New 
Jersey (Princeton), and author of A General Astronomy, 
Elements of Astronomy, etc. 12mo, Colth. Illustrated. 
IX + 357 pages, exclusive of four double-page star maps. 
By mail, $1.30; for introduction, $1.20; allowance for 


an old book in exchange, 30 cents. 


Young’s Elements of Astronomy. 


A Text-book for use in High Schools and Academies. 
With a Uranography. By CHARLEs A. Younc. Ph. D., 
LL. D., Professor of Astronomy in the College of New 
Jersey (Princeton), and author of A General Astronomy, 
The Sun, etc. 12mo. Halfleather. X+472 pages, and 
four star maps. Mailing Price, $1.55; for Introduction, 
$1.40; allowance for old book in exchange, 30 cents. 


Uranography. 
From Young’s Elements of Astronomy. 12mo. Flex- 
ible covers. 42 pages, besides four star maps. By mail 
35 cents; for introduction, 30 cents. 


Young’s General Astronomy. 


A Text-book for Colleges and Technical Schools. By 
CHARLES A. YounG, Ph. D., LL. D., Professor of Astron- 
omy in the College of New Jersey, and author of The 
Sun, ete. 8vo. VIII + 551 pages. Half-morocco. Illus- 
trated with over 250 cuts and diagrams, and supple- 
mented with the necessary tables. Price by mail, $2.50; 
for introduction, $2.25; allowance for an old book in ex- 
change, 40 cents. 


GINN & CO., PuBLisHErs. 
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THE 


E. Howard Watch & Glock Co. 


383 WASIHNGTON STREET, BOSTON, 
41 MAIDEN LANE, NEW YORK, 
170 STATE STREET, CHICAGO. 


MANUFACTURERS OF 


ASTRONOMICAL REGULATORS, 


RECULATORS OF PRECISION, 


AND # FINE # WATCHES. 


To any of our regulators we attach devices for the transmission of elec- 
trical currents for operating chronographs, sounders (indicating the time of 
the standard regulator), or for synchronizing secondary clocks when de- 
sired. 

These electrical transmitting devices can be attached to our No. 89 
regulator, which is especially constructed to meet the wants of the railroad 
service; and the almost absolute certainty and regularity of the perform- 
ance of these regulators make them particularly desirable as secondary 
standards for the railroad service. 

To our Astronomical Regulators we apply either Dennison’s Gravity or 
the Graham Dead-Beat escapements. These regulators are made in several 
grades, thereby meeting the wants of Institutions having ample means for 
the purchase of the most elaborate form of time-keeping instruments, as 
well as newly established Institutions with limited means to invest in a 
regulator. 


Our watches are second to none in the world as time-keepers and the 
manner of their construction is such that they are less liable to injury from 
improper handling, than any other watch now in the market. 

We respectfully solicit correspondence from Corporations, Institutions 
and individuals contemplating the purchase of a Regulator, regardless ot 
the grade. 
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BEAR IN MIND 


THAT THE 


Minneapolis 








AND 


Nt. Louis 
Railway. 








IS ALWAYS 
AT YOUR SERVICE. 

Its agents are ever ready to give you 
such information as may be desired re- 
garding its train service, both local and 
through, Routes, Rates, &e., Ke. 

I Comfort and speed are its special fea- 
tures, with a record of safety for its 
patrons. Inquire for particulars of any 
agent of the Minneapolis & St. Louis Ry 
or C. M. Pratt, G. T. & P. A., Minneapo- 
lis, Minn., W. H. Truesdale, Receiver. 
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A Great Railway. 

The Chicago, Milwaukee & St. Paul 
Railway Company now operates over 
sixty-one hundred miles of thoroughly 
equipped road in Illinois, Wisconsin, 
Northern Michigan, Minnesota, Iowa, 
Missouri, South and North Dakota. 
Each recurring year its lines are extend- 
ed in all directions to meet the necessities 
of therapidly populating sections of coun- 
try west, northwest, and southwest, of 
Chicago, and to furnish a market for the 
products of the greatest: agricultural and 
stock raising districts in the world. In 
Illinois it operates 317 miles of track; in 
Wisconsin, 1,636 miles; in Northern 
Michigan, 96 miles; in lowa, 1,551 miles; 
in Minnesota, 1,115 miles; in South Da- 
kota, 1,092 miles; in North Dakota, 118 
miles; in Missouri, 140 miles, and the 
end is not yet. It has terminals in such 
large cities as Chicago, Milwaukee, La 
Crosse, St. Panl, Minneapolis, Fargo, 
Sioux City, Council Bluffs, Omaha, and 
Kansas City and St. Joseph, Mo., and 
along its lines are hundreds of large and 
small thriving cities, towns and villages. 
Manufacturing interests are cultivated, 
and all branches of trade find encourage- 
ment. The railway Company has a just 
appreciation of the value of its patrons, 
and its magnificent earnings are the re- 
sult of the good business tact which 
characterizes the management of its af- 
fairs. 

The popularity of the line is attested 
by the fact that notwithstanding the 
strongest kind of competition of old and 
new lines, the Chicago, Milwaukee & St. 
Paul Railway continues to carry the 
greater proportion of all the business be 
tween Chicago, Milwaukee, St. Paul and 
Minneapolis. It is the best patronized 
route between Chicago, Council Bluffs 
and Omaha to and from all points in 
Wisconsin, Minnesota, Dakote and Iowa, 
and its Kansas City and St. Joseph line 
has taken equal rank with the other lines 
leading to and from the Southwest. 

On all its through lines of travel the 
Chicago, Milwaukee & St. Paul Railway 
runs the most perfectly equipped trains 
of Sleeping, Parlor aud Dining Cars and 
Coaches. The through trains on all its 
lines are systematically heated by steam. 
No effort is spared to furnish the best 
accomodations for the least money, 
and, in addition, patrons of the road are 
sure of courteous treatment from its em- 
ployes. 
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